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Abstract 
 Rickettsiales-like organisms (RLOs) are thought to be related to bacteria in the 
order Rickettsiales. They have been reported to occur in the staghorn coral (Acropora 
cervicornis), and this study investigated trends of infection over time, and in relation to 
the health of infected corals. This study focuses on tissue samples taken mostly from 
visibly healthy A. cervicornis thickets in Broward County, Florida, and processed for 
histological examination. Samples were originally collected and analyzed to document 
reproduction during years 2001 through 2012, and tissue loss diseases (white-band 
disease [WBD] types I and II, and rapid tissue loss). The presence of suspect RLOs, the 
presence of ovoid bacterial aggregates in the basal body wall, and the condition of the 
coral tissue were examined in hematoxylin and eosin (H&E) and Giemsa-stained 
sections. Determination was made as to whether suspect RLO infection severity, location, 
or the presence of bacterial aggregates are correlated with changes in tissue condition 
associated with WBD. To better understand progression, trends, and periodicity in 
bacterial presence and coral tissue health, these data were then further analyzed for 
potential correlation with the month, year, and average monthly nighttime sea surface 
temperatures (categorized into ranges above, within, or below 24–29°C) when samples 
were collected. The severity of suspect RLO infections and the presence of bacterial 
aggregates in A. cervicornis varied over time, with no correlation with the location of 
suspect RLOs within the polyp. High suspect RLO prevalence was correlated with 
normal tissue conditions, while low suspect RLO prevalence was correlated with 
abnormal tissue conditions. However, high prevalence of bacterial aggregates was 
correlated to abnormal tissue conditions. Epidermal RLO and overall suspect RLO 
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prevalence severity scores were significantly higher among samples collected when 
monthly average nighttime sea surface temperatures were below 24°C in contrast to  
samples collected when temperatures were between 24–29°C, suggesting direct or 
indirect effects of sea surface temperatures on infection severity. The areas of suspect 
RLO intracellular bodies within infected mucocytes were measured using digital image 
analysis software and found to be positively correlated with worsening coral tissue 
condition. Semiquantitative variable scores for histoslides stained with H&E were 
significantly different from those stained with Giemsa, indicating that these stains cannot 
be used interchangeably to study the presence of bacteria and the condition of coral 
tissue. Overall, the results of this study indicate that infection severity of suspect RLOs 
and the presence of bacterial aggregates are variable and correlated with the incidence of 
WBD-I in A. cervicornis. However, the exact nature of this relationship remains unclear. 
Further studies are necessary to interpret trends detected during this analysis to develop a 
better understanding of what contributes to the severe tissue-loss outbreaks and 
mortalities of A. cervicornis. 
Keywords: Histopathology, Acropora cervicornis, Florida, Tissue loss, White-band 
disease, Rickettsiales 
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Introduction 
Background of Caribbean Coral Decline 
During the last several decades, a rapid decline in coral-reef habitat vitality has 
been observed throughout the earth‘s oceans (Reaka-Kudla ML, 1997; Bellwood et al., 
2004; De'ath et al., 2012). Understanding why coral reefs appear to be shrinking, 
changing drastically, or disappearing altogether is paramount to preserving these hotspots 
of marine biodiversity. Much research has been aimed at identifying a cause for this 
global decline, but at times the information presented either in publications, general 
media, or even in first-hand accounts may be difficult to interpret, and primary causes of 
reef decline may vary by location. However, most evidence supports the role of human 
influence and anthropogenic ecological effects in the recent decline of coral-reef 
ecosystems (Richmond, 1993; Lapointe et al., 2004; Ramos et al., 2004; Martinez et al., 
2006; Greer et al., 2009, Jackson et al., 2014). Human activities known to harm coral 
reefs may do so directly by harming the organisms or structure of the reef ecosystem, or 
indirectly by causing changes to the environment that may then harm the organisms or 
structure of the reef ecosystem.  
 
 Harvesting reef-building corals is a common practice in many tropical areas that 
directly harms the organisms and structure of the reef ecosystem  (Santangelo and 
Abbiati, 2001; Harriott, 2003; Wabnitz et al., 2003; US Coral Reef Task Force, 2007). 
This practice may supply the aquarium trade with live corals or the interior design trade 
with coral skeletons. Regulations and management efforts exist and attempt to encourage 
responsible collection and an understanding of the environment‘s dynamics (Harriott, 
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2003), but it is not uncommon for shipments of illegally and destructively mass-harvested 
corals to be intercepted and seized (Jones, 2008). The scale and complexity of the coral 
trade may also overwhelm management attempts (Green and Hendry, 1999). Coastal land 
development may involve direct excavation of active or inactive coral reefs, causing 
damage to the reef structure that may never be repaired. Dredging near coral reefs, or in a 
location where currents can transport sediments towards a reef,  may lead to sediments 
blanketing the reef and essentially suffocating the corals (Hopley et al., 2010, pp. 576–
578; Walker et al., 2012). Corals may uncover themselves by using their hydrostatic 
skeletons to inflate their polyps to remove sediment or by secreting masses of mucus that 
are carried away with associated debris by beating of cilia in their surface epithelium 
(Hubbard and Pocock, 1972; Bak and Elgershuizen, 1976; Riegl, 1995; Riegl and Branch, 
1995; Uhrin et al., 2005). However, these coping mechanisms are limited, and dredging 
in or near coral habitats is destructive (Woolger, 2009).  
 
 Development of land in a location where runoff and currents will carry nutrients, 
debris, and general pollutants from the site to the reef is an indirect anthropogenic cause 
of coral reef decline (Bell, 1992; Nemeth and Nowlis, 2001; Lapointe et al., 2004; Ramos 
et al., 2004). For example, land development in southern Florida often replaced wetlands 
that had served as massive pollutant and sediment filters of surface water runoff with 
concrete canal walls that allow potentially turbid and contaminated water to pass through 
without alteration. When fertilizers are used on developed land, nutrients may be carried 
into the waterways by rain or excessive irrigation, which can lead to large areas of algae 
growth, also known as an algal bloom. These algae may be harmless, but the growing 
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algal population may eventually increase the water‘s turbidity and reduce the amount of 
light penetrating to the bottom, reducing photosynthesis and productivity in benthic 
primary producers. These effects on the surrounding environment may persist long after 
the algal bloom has expired, as the debris from dead algae and other organisms is 
decomposed by heterotrophic bacteria and local oxygen concentrations are depleted. If 
the algal bloom consists of toxin-producing algae, mass mortality of reef-dwelling 
organisms may cause additional damage to the reef ecosystem (Namin et al., 2010; Ross 
et al., 2010). 
 
 Herbivores associated with reef habitats restrict the growth of macroalgae in 
general and may contribute to biodiversity by maintaining distinct regimes of regional 
selection and prey preferences (Lewis, 1986; McClanahan et al., 1994). Overfishing of 
these species can make reef habitats more susceptible to changes from coral dominance 
to macroalgae dominance (Hughes, 1994). The recent mass mortalities of the sea urchin 
Diadema antillarum in the Caribbean provide examples of the consequences of removing 
herbivores from reef habitats by human overfishing or introduction of efficient predators. 
These mass mortalities have been attributed primarily to disease (Lessios et al., 1984; 
Mumby et al., 2006), and were followed by dramatic phase shifts that allowed the 
dominance of macroalgae on Caribbean reefs, as predicted by studies focusing on the role 
of D. antillarum in coral reefs (Lessios et al., 1984; Sammarco, 1982). It is important to 
note that while mass mortalities of D. antillarum are apparently not directly related to 
overfishing of herbivores, the mass mortality events beginning in 1983 appear to have 
radiated from the east entrance of the Panama Canal (Lessios et al., 1984). This suggests 
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that these events were driven by the spread of one or more diseases from the Pacific 
Ocean that would not have occurred without the construction of an artificial waterway, 
but successful maintenance of D. antillarum populations on the Pacific coast of Panama 
suggest that ballast water typically discharged at the east entrance of the canal may have 
introduced one or more exotic pathogens (Lessios et al., 1984). As populations of sea 
urchins in the Caribbean begin to recover, it is possible that macroalgae-dominated reefs 
may return to their original state (Levitan, 1988; Edmunds and Carpenter, 2000), but the 
effects of the mass mortalities of sea urchins may continue to affect many Caribbean 
reefs for some time.  
 
 Although "overfishing" typically refers to human overexploitation of fish stocks, 
this term may also be used generally in cases of apparently natural depletion of fish 
stocks by efficient predators. These predators may be naturally present or introduced, and 
overfishing by humans may contribute to problems created by these predators. The 
introduction of invasive predatory lionfish Pterois volitans and P. miles in the Atlantic 
and Caribbean has arguably become the most harmful known introduction of marine fish 
due to the variety of advantageous adaptations in lionfish, previous depletion of 
competing reef-dwelling predators, and depletion of reef-dwelling herbivorous species by 
the lionfish and humans simultaneously (Nyström et al., 2000; Albins and Hixon, 2011; 
Mumby et al., 2013). Lionfish populations are apparently unaffected by competition with 
native species and their introduction has been so detrimental to Caribbean reefs that 
populations of the invasive lionfish may only eventually be self-regulated by starvation 
following the depletion of prey species (Albins and Hixon, 2011; McCleery, 2011; 
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Hackerott et al., 2013). Management actions have been taken to reduce the impact of 
lionfish introduction on affected reefs, but the population and distribution of invasive 
lionfish has continued to grow, and may only be impacted by intensive and long-term 
efforts (Arias-González et al., 2011; Côté et al., 2013). 
 
 Perhaps the most publicized indirect anthropogenic cause of global coral reef 
decline is ocean acidification (Agardy, 2007). Due to the system of bicarbonate buffering 
and equilibrium present in the world‘s oceans and Le Chatelier‘s Principle, the addition 
of carbon dioxide to the oceans in sufficient quantities will draw divalent carbonate ions 
back into solution. These carbonate ions then exist in the solution in a monoprotonated, 
more acidic form. The addition of carbon dioxide to the ocean through human activities is 
a result of the recent increase in greenhouse gas emissions, facilitated by air-sea gas 
exchange. When this change in ocean chemistry occurs, it becomes far more difficult for 
carbonate-precipitating organisms to form vital structures (Orr et al., 2005; Brennand et 
al., 2010). The order in which such structures might be affected is based on skeletal 
structure and composition and changes in enzyme activity, as well as depth distribution. 
Evidence suggests that deep-sea organisms that form skeletal calcite will be affected 
before those that use aragonite to form their skeletons and live in shallow environments 
(Marubini et al., 2007; Doney et al., 2009; Harrould-Kolieb and Savitz, 2009; Moya et 
al., 2012). A global change in pH may not simply affect organisms by eliminating their 
ability to form shells, tests, or skeletons, but—as seen in human respiratory alkalosis or 
acidosis—minor shifts in pH may have a significant impact on the marine biosphere as a 
whole. The increased greenhouse gas output by mankind over the past two centuries will 
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not only affect ocean chemistry, but will also impact ocean temperatures (Zachos et al., 
2008). The increase in greenhouse gases may lead to an increase in global temperatures, 
which can similarly increase ocean temperature; this is a trend that has already been 
observed (Huang et al., 2011). Similar to changes in ocean pH, minor changes in ocean 
temperature may cause a significant decline in coral populations and associated fauna 
(Green and Fisher, 2004) by affecting larval settlement (Nozawa and Harrison, 2000), 
inhibiting metabolism and growth (Jokiel and Coles, 1977; Coles and Jokiel, 1977), and 
causing bleaching (reducing populations or pigmentation of symbiotic zooxanthellae) 
(Hoegh-Guldberg and Smith, 1989; Jokiel and Coles, 1989).  
 
Finally, there appears to be an association between human activities and the 
recent increase in coral diseases, which have severely affected many coral species in 
epizootic events observed since the 1970s (Lamberts, 1983; Glynn, 1985; Williams, 
1990; Harvell et al., 1999; Weil, 2004). Disease is a condition of impaired normal 
function, typically manifesting with distinguishing signs or symptoms (Merriam-Webster 
Medical Dictionary, 2006). A disease may be non-infectious and caused by abiotic 
factors such as genetics, malnutrition, or the environment; infectious and caused by biotic 
factors such as viruses, microorganisms, or metazoan parasites; or caused by some 
combination of abiotic and biotic factors. By definition, any specific causative agent of 
disease is called a pathogen, although this term is most commonly used in reference to 
viruses and microorganisms (Merriam-Webster Medical Dictionary, 2006). In some 
cases, coral diseases are a result of primarily abiotic changes in the local environment, 
rather than in response to a biological pathogen (Bruno et al., 2007; Miller et al., 2014). 
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In many cases, however, biotic pathogens have at least been hypothesized as the 
etiological agent of a coral epizootic. Whether or not these events are correlated with 
anthropogenic changes in the environment or have simply coincided with an era of 
increasing environmental awareness is hard to tell—although recent studies have 
indicated the former (Lesser et al., 2007; Muller and van Woesik, 2012; Burge et al., 
2014).  
 
 Catastrophic outbreaks of acute to subacute tissue sloughing or partial mortality, 
revealing the denuded white skeleton that affect the Caribbean acroporid corals Acropora 
cervicornis and Acropora palmata have inspired many studies designed to illuminate 
their underlying causes. These white syndromes can be segregated into three main 
groups: white-band disease (WBD), white pox disease (WPD), and rapid tissue loss 
(RTL) (Weil, 2004; Kramer, 2008). WPD is characterized by multiple, irregular, 
coalescing lesions on A. palmata, and the etiologic agent has been identified as Serratia 
marcescens, a bacterium associated with human fecal matter (Patterson et al., 2002), 
although Lesser and Jarett (2014) did not find this pathogen in healthy or WPD-affected 
A. palmata. WBD is characterized by bands of denuded skeleton that progressively 
appear as the tissue disappears rapidly from the base of coral branches towards the apex. 
Identifying WBD in the field is fairly simple, because the visual morphologic diagnosis is 
based on signs rather than cause. RTL is used to categorize other white syndromes seen 
on Caribbean acroporid corals having diffuse and rapid tissue loss that cannot be 
categorized as either WPD or WBD (Miller et al., 2014).  
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 WBD was first observed on reefs of St. Croix, U.S. Virgin Islands in the 1970s 
(Gladfelter, 1982), and has since decimated staghorn and elkhorn corals on reefs 
throughout the Caribbean. Although there are several different white syndromes, WBD 
affects branching and foliate Acropora species, and causes the coral cells to become 
necrotic. Necrosis caused by WBD is either followed or accompanied by sloughing of the 
tissue from the coral skeleton that may affect the entire colony (Peters et al., 1983). The 
two Caribbean acroporid species—A. cervicornis and A. palmata—were among the more 
prevalent corals of the Atlantic until recently (Acropora Biological Review Team, 2005). 
These species are responsible for creating and maintaining shallow reef environments, 
which are vital to so many other organisms. Acropora cervicornis has faced critical 
decline throughout its previous range and has been largely relegated to sparse patch reefs, 
and reef coverage of A. palmata has been reduced significantly (Aronson and Precht, 
2001). As awareness of WBD has increased, other tissue loss diseases have been 
observed affecting a few dozen other acroporid species throughout the Indo-Pacific and 
the Red Sea (Lentz et al., 2011).
 
 The disease‘s virulence may be a result of the 
ubiquitous nature of these acroporid corals and reduced genetic diversity resulting from 
the primarily asexual reproduction of acroporids may further increase susceptibility 
(Tunnicliffe, 1981; Aronson and Prect, 2001; Patterson et al., 2002; Williams and Miller, 
2005; Baums et al., 2006; Pinzon et al., 2014). Some A. cervicornis populations have 
been shown to resist, at least initially, the signs of WBD (Vollmer and Kline, 2008; Libro 
et al., 2013), but there appears to be a critical lack of disease-resistant populations (Gil-
Agudelo et al., 2006; Miller et al., 2014). 
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 WBD is characterized by progressive tissue loss from the base of a colony to the 
branch tips (Peters et al., 1983; Peters, 1984); this may eventually eliminate the entire 
colony. It can be visually identified by a white band of denuded skeleton separating the 
living tissue from the algal-fouled skeleton (Gladfelter, 1982). WBD is commonly 
divided into two subtypes: WBD-I and WBD-II. In WBD-I, bleaching—loss of the 
symbiotic zooxanthellae or its pigments from the coral tissue—is associated immediately 
with the necrotic margin or may not be evident at all, whereas WBD-II may display 
significant bleaching ahead of the necrotic margin (Ritchie and Smith, 1998). It should be 
noted that this distinction is based on one series of observations, and further studies are 
necessary. Bythell et al. (2004) remarked that the two may be identical unless observed 
over some course of time. This may lead some to believe that the two varieties may 
simply be different presentations of the same illness. Yet, Gil-Agudelo et al. (2006) 
described WBD-I and WBD-II as separate patterns of WBD. WBD resembles another 
infectious coral disease: white plague. In fact, the difference in affected species has 
previously been suggested as the only real distinction between the two: WBD affects 
acroporid corals, whereas WPD does not (Bythell et al., 2004, p. 357; this was based on 
Peters, 1984, suggestion), but further studies are necessary to assess this suggestion.  
 
 
Knowledge Gaps Related to This Research 
Little is known about the microbiological, genetic, and histopathological 
properties of WBD. Transmission may occur through the water column, and through the 
corallivorous gastropod Coralliophila abbreviata vector (Williams and Miller, 2005; 
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Gignoux-Wolfsohn et al., 2012).  Transcriptome analysis indicated that affected corals 
mount a strong immune reaction focusing on apoptosis and phagocytosis by increasing 
expression of immune-related genes, some of which are directly involved in phagocytosis 
of bacteria, fungi, and viruses (Libro et al., 2013). Recently, the Aurantimonadaceae 
family of marine bacteria was found to be associated with white plague, although its role 
as the etiological agent of the disease is contested (Denner et al., 2003; Cook et al., 
2013). Unfortunately, no pathogen or pathogens have been positively identified as the 
determining factor in causing WBD. A Vibrio species has been identified as being 
potentially responsible for WBD-II, although Koch‘s postulates have not been fulfilled 
(Gil-Agudelo et al., 2006). Other microbes, such as a colonial, rod-shaped bacterium and 
an obligate intracellular bacterium have been associated with outbreaks of WBD-I, and 
are potential causative agents (Peters et al., 1983; Casas et al., 2004; Polson, 2007). 
Because all of these bacteria have been observed in apparently healthy and diseased 
Caribbean acroporids, as well as corals of other species (Casas et al., 2004), their roles as 
agents remain unclear. 
 
The role of putative viruses, referred to as virus-like-particles (VLPs), in WBD 
and coral diseases in general is also unclear. VLPs have been observed in healthy and 
unhealthy cnidarians through metagenomic analyses, transmission electron microscopy 
(TEM), and SYBR® gold staining (Wilson et al., 2004; Rosenberg et al., 2007; Thurber 
et al., 2008; P. Blackwelder, pers. comm.). Subjecting corals and their algal symbionts to 
unusually high temperatures or levels of ultraviolet radiation—stressors associated with 
temperature-induced bleaching and tissue-sloughing diseases like WBD—may activate 
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latent VLPs and induce VLP-associated pathology (Wilson et al., 2001; Davy et al., 
2006; van Oppen et al., 2008). VLPs may play a role in development and transmission of 
scleractinian growth anomaly lesions (Kaczmarsky, 2009) and may make corals more 
susceptible to temperature-induced bleaching by affecting symbiotic zooxanthellae 
(Wilson et al., 2001). Additionally, changes in VLP prevalence and characteristics have 
been observed in corals affected by white syndromes (Pollock et al., 2014). However, 
there is also evidence that VLPs associated with coral tissues may protect the coral from 
potential pathogens (van Oppen et al., 2008; Bourne et al., 2009), similar to the role of 
the bacterial flora typically associated with the mucus of healthy corals (Ducklow and 
Mitchell, 1979; Rohwer et al., 2002; Reshef et al., 2006; Harvell et al., 2007; Barr et al., 
2013), so more research is necessary to understand the relationship between VLPs and 
coral diseases. 
  
 Analysis of the the 16S ribosomal subunit gene of a bacterium isolated from an 
outbreak of WBD-I in Panama indicated 90% homology with bacteria of the order 
Rickettsiales (Casas et al., 2004). Bacteria within the order Rickettsiales induce 
phagocytosis by their host cells (Winkler, 1990) and use specialized surface molecules to 
escape the digestive apparatus of the host cell. It is speculated that the order Rickettsiales 
may have hosted the predecessors of eukaryotic mitochondria, other organelles, and 
possibly viruses due to the lifestyle of these bacteria as obligate intracellular parasites 
(Hackstadt, 1996; Willey et al., 2008, pp. 541–542). Some rickettsial bacteria are known 
to cause Rocky Mountain spotted fever, rickettsialpox, and typhus. One species, 
Pelagibacter ubique, is known as possibly one of the most common bacterial species in 
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the world, and similar organisms are known to cause withering foot syndrome in abalone 
(Moore et al., 2001). Once inside the cell, these bacteria use carrier-mediated uptake to 
acquire nutrients from the host cell, including glutamate, UDP-glucose, NAD+, and ATP 
(Hackstadt, 1996; Willey et al., 2008, pp. 541–542). Infection by these cells is facilitated 
by the use of actin filaments, used to project into neighboring cells until the membrane of 
the new cell is forced to pinch off into a phagosome (Ireton, 2013). These bacteria stain 
variably with hematoxylin and eosin (H&E), but stain a characteristic purple with Giemsa 
stain (Parija, 2009, pp. 423-424), in contrast to other Gram-negative bacteria that stain 
dark blue (Atkinson et al., 2010). Histological examination of A. cervicornis tissue 
samples from this WBD-I outbreak revealed mucocyte intracellular bodies—masses of 
intracellular material typically foreign to the host cell, suggesting infection—of 
microorganisms approximately the size of coral cell nuclei (Peters, Friedman, and Kline 
unpubl. data). However, sufficient evidence to support the possibility that the intracellular 
bodies are solely responsible for WBD-I is still lacking. This may be due to a potential 
sampling bias towards apparently healthy corals, which could prevent positive 
identification of a pathogen or pathogens. In fact, there may be some evidence that these 
bacteria are not responsible for WBD-I (Sweet et al., 2014). Casas et al. (2004) also 
found the suspected Rickettsiales-like organism (RLO) in apparently healthy A. 
cervicornis and in other coral species, dismissing its role in the disease.  
 
  Kline and Vollmer (2011) showed that application of ampicillin-laden 
‗tourniquets‘ might inhibit or even terminate the progression of WBD-I, whereas a 
combination of the antibiotic tetracycline and anti-protozoal imidocarb dipropionate 
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failed to stop the tissue loss. These results were interpreted as suggesting that Gram-
positive bacteria may be more likely to be involved in tissue loss. Ampicillin, a member 
of the beta-lactam family of antibiotics, serves primarily as an inhibitor of cell wall 
synthesis in bacteria, and therefore has a much greater effect on Gram-positive than 
Gram-negative bacteria. Tetracycline is a broad-spectrum antibiotic that targets 
prokaryotes in general by blocking interactions between tRNA molecules and the small 
ribosomal subunit (Katzung et al., 2009, p. 796). Imidocarb dipropionate is a primarily 
anti-protozoal agent that blocks polyamine synthesis, inositol uptake by parasitized cells, 
and cholinesterase activity, but may also be used to treat anaplasmosis and erlichiosis.  
Based on staining patterns, it has been determined that the Rickettsiales-like intracellular 
organism is Gram-negative (E. C. Peters, pers. comm.). Thus it might appear, based on 
the effectiveness of ampicillin and limited effect of tetracycline (Friedman, 2003), that 
bacteria that fall into this group could not be responsible for the outbreaks. However, 
ampicillin belongs to the ‗extended-spectrum‘ penicillin group, used routinely to treat 
infections of Gram-negative Pseudomonas species (Katzung et al., 2009, p. 774). 
Rickettsial bacteria are known to be susceptible to antibiotics in this group (Madigan et 
al., 2012, p. 539). Furthermore, both tetracycline and imidocarb dipropionate have been 
proven ineffective at clearing infections of the Rickettsiales species Erlichia canis in dogs 
(Price and Dolan, 1980; Eddlestone et al., 2006), and imidocarb dipropionate has also 
been proven ineffective at eliminating infections of A. marginale (Coetzee et al., 2006). 
Based on this information, RLOs cannot be excluded from a list of potential etiological 
agents of WBD-I in acroporid corals.  
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Miller et al. (2014) described the histological appearance and suspect RLO 
presence in apparently healthy and diseased samples of A. cervicornis. The samples that 
were apparently healthy contained more zooxanthellae in cells of the gastrodermis, 
mucus-filled mucocytes, and intact cnidoglandular bands of the mesenterial filaments. 
However, some samples displayed minimal loss of tissue in the calicodermis, mesoglea, 
and epidermis of the surface body wall over the costal ridges. In the diseased samples, the 
epithelia and mesoglea were moderately to severely atrophied, the mucocytes were 
hypertrophied or reduced in number, the zooxanthellae were reduced in number, and the 
cells of the cnidoglandular bands were in varying states of atrophy, tissue loss, necrosis 
or apoptosis, and dissociation (Figure 6, Miller et al., 2014). The calicodermis was 
thinner with fewer cells deeper within the polyps and closer to the lysing tissue margin. 
Calicoblasts were lysed or sloughing from the mesoglea, and foci of hypertrophied 
calicoblasts were observed close to the lysing tissue margin. Moderate to severe costal 
tissue loss was observed in the diseased samples, increasing from the apical polyp 
towards the tissue loss margin. No apparently healthy or diseased samples contained 
bacterial aggregates, as was reported in Peters et al. (1983) (Figure 7, Miller et al., 2014).  
 
Miller et al. (2014) also reported that all apparently healthy samples displayed 
mild to moderate infection with suspect RLOs in mucocytes on the oral disc and 
tentacles, and in cnidoglandular bands of the mesenterial filaments. The diseased samples 
all displayed suspect RLOs in mucocytes of the oral disc and tentacles, cnidoglandular 
bands, and gastrodermal mucocytes lining the gastrovascular canals and mesenteries. The 
suspect RLOs observed in the epidermal mucocytes of apparently diseased samples were 
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large (1–2 µm) and pleomorphic, compared to those found in gastrodermal mucocytes 
which were smaller (0.2–1 µm) and coccoid. Suspect RLOs observed in cnidoglandular 
band mucocytes could be of either morphology or size within a given cell. The general 
condition of diseased coral tissue was significantly worse, and significant degeneration of 
the cnidoglandular bands, epidermal mucocytes, costal tissues, and calicodermis were 
observed in diseased samples. However, significant differences in the suspect RLO 
infection severity between apparently healthy and diseased samples were not observed 
(Miller et al., 2014). 
 
Thickets of A. cervicornis offshore of Broward County, Florida presented an 
opportunity to better assess if the suspect RLOs should be considered a potential 
etiological agent of WBD-I, and to gain a better understanding of WBD in general 
(Vargas-Ángel et al., 2003; Vargas-Ángel et al., 2006). These thickets visually appear to 
be mostly healthy and thriving, in contrast to many other areas in the Caribbean. 
Furthermore, they appear to be the largest populations of A. cervicornis in the continental 
United States, and are close enough to shore for convenient monitoring and sample 
collection, as well as for observational studies of the effects of anthropogenic stressors. 
WBD and related mortalities have a low prevalence in the area, with observations and 
experimental data suggesting low transmission rates even under seemingly ideal 
transmission conditions at the time studies were conducted (Vargas-Ángel et al., 2003; 
Smith and Thomas, 2008); however, there have been more recent reports of extensive 
tissue loss (E. C. Peters, pers. comm.).  
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Hypotheses 
This study used a 2001–2012 set of apparently healthy tissue samples originally 
collected from the A. cervicornis thickets offshore Broward County for reproductive 
studies at various times of the sampled years (Vargas-Ángel et al., 2006), and samples 
collected in August 2008 after a WBD study conducted in summer of 2007 and winter of 
2007–2008 (Smith and Thomas, 2008). The reproduction study samples were visibly 
healthy at the time of collection. The WBD study samples included visibly healthy 
samples, and samples that were losing tissues in the following categories: WBD-I with 
slow rate of tissue loss, WBD-I with fast rate of tissue loss, and RTL. These tissue 
samples, preserved in paraffin wax blocks, were sectioned and stained for histological 
analysis. Semiquantitative estimates (scores) were given on a scale from "0" to "5" for 
histological tissue condition, suspect RLO infection severity in the mesenterial filaments 
and epidermal mucocytes, averaged overall suspect RLO prevalence severity, and the 
presence of bacterial aggregates. Digital image analysis was used to measure the size and 
number of individual suspect RLOs and their intracellular bodies. These data were 
compared with the collection locations, times (month and year), and the monthly average 
nighttime sea surface temperature at the time of collection in order to address the 
following questions: 
 
(1) Is there a temporal trend in the presence of bacterial aggregates or severity of 
suspect RLO infections? 
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The following hypotheses were tested using data collected from the prepared 
histoslides from reproduction study samples: 
 
H0 1a: The presence of bacterial aggregates in A. cervicornis shows no correlation 
with sampled time periods.  
 
H0 1b: The severity of suspect RLO infections of A. cervicornis shows no correlation 
with sampled time periods.  
 
Testing these hypotheses required separate scores for (1) suspect RLO infection 
severity in the mesenterial filaments and in the epidermis, (2) averaged scores for 
suspect RLO infection severity combining the scores for suspect RLO infection 
severity in the mesenterial filaments and in the epidermis, (3) scores for the presence 
of bacterial aggregates, and (4) information on sample collection times. 
 
(2) Is the presence of bacterial aggregates or severity of suspect RLO infections 
related to visual or histological condition assessment of the coral tissue? 
 
The following hypotheses were tested using data collected from the prepared 
histoslides from both studies: 
 
H0 2a: The presence of bacterial aggregates is not related to the visual or histological 
condition of coral tissue.  
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H0 2b: The severity of suspect RLO infections is not related to the visual or 
histological condition of coral tissue.  
 
Testing these hypotheses required separate scores for (1) suspect RLO infection 
severity in the mesenterial filaments and in the epidermis, (2) averaged scores for 
suspect RLO infection severity combining the scores for suspect RLO infection 
severity in the mesenterial filaments and in the epidermis, (3) scores for the presence 
of bacterial aggregates, (4) scores for the condition of coral tissue, and (5) 
information on visual condition of coral tissue at time of collection. 
 
(3) Is the presence of bacterial aggregates or severity of suspect RLO infections 
related to critically high nighttime sea surface temperatures? 
 
The following hypotheses were tested using data collected from the prepared 
histoslides from reproduction study samples: 
 
H0 3a: The presence of bacterial aggregates is not related to critically high nighttime 
sea surface temperatures recorded and published by NOAA. 
  
H0 3b: The severity of suspect RLO infections is not related to critically high 
nighttime sea surface temperatures recorded and published by NOAA.  
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Testing these hypotheses required separate scores for (1) suspect RLO infection 
severity in the mesenterial filaments and in the epidermis, (2) averaged scores for 
suspect RLO infection severity combining the scores for suspect RLO infection 
severity in the mesenterial filaments and in the epidermis, (3) scores for the presence 
of bacterial aggregates, (4) information on when samples were collected, and (5) 
records of nighttime sea surface temperature at the time and location of sample 
collection. 
 
(4) Are the areas within infected mucocytes filled by suspect RLO intracellular 
bodies, the number of suspect RLOs within each mucocyte, or the individual sizes 
of suspect RLOs related to the condition of coral tissue? 
 
The following hypotheses were tested using data collected from randomly selected 
prepared histoslides from both studies separately: 
 
H0 4a: The area within the infected mucocytes filled by suspect RLO intracellular 
bodies is not related to the condition of coral tissue.  
 
H0 4b: The number of suspect RLOs within each infected mucocyte is not related to 
the condition of coral tissue.  
 
H0 4c: The individual sizes (length and area) of suspect RLOs within each infected 
mucocyte are not related to the condition of coral tissue.  
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Testing these hypotheses required digital histoslide analysis to obtain measurements 
of (1) suspect RLO length and area, (2) measurements of the areas within the infected 
mucocytes filled by suspect RLO intracellular bodies, (3) counts of suspect RLOs 
present in each infected mucocyte, and (4) scores for the condition of coral tissue. 
 
(5) Are scores for histological tissue condition, the presence of bacterial aggregates, 
or suspect RLO infection severity significantly different in histoslides stained 
with H&E compared to those stained with Giemsa? 
 
The following hypotheses were tested using data collected from prepared histoslides 
from both studies separately: 
 
H0 5a: Scores for histological tissue condition for histoslides stained with H&E and 
histoslides stained with Giemsa are not significantly different. 
 
H0 5b: Scores for the presence of bacterial aggregates for histoslides stained with 
H&E and histoslides stained with Giemsa are not significantly different. 
 
H0 5c: Scores for suspect RLO infection severity for histoslides stained with H&E 
and histoslides stained with Giemsa are not significantly different. 
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Testing these hypotheses required (1) separate scores for suspect RLO infection 
severity in the mesenterial filaments and in the epidermis, (2) averaged scores for 
suspect RLO infection severity combining the scores for suspect RLO infection 
severity in the mesenterial filaments and in the epidermis, (3) scores for the presence 
of bacterial aggregates, and (4) scores for the condition of coral tissue for histoslides 
stained with either H&E or Giemsa. Estimates for each stain were compared when 
estimates from the same sample were available. 
  
Methods and Materials 
Previously prepared paraffin blocks of A. cervicornis tissue samples collected 
semi-monthly from 2001 through 2012 were selected for this study using a method to 
maximize randomness and minimize bias. To account for variation in sample sizes by 
month, a maximum of 10 samples per month was determined to be appropriate; for 
months where fewer than 10 blocks were available, all blocks were collected for 
sectioning. Tissue blocks for a given month were pooled, shuffled, and selected at 
random (Table 1). Unused blocks were stored. 5-µm sections were cut from selected 
paraffin blocks and mounted on glass slides for light microscopy. Following sectioning, 
the paraffin blocks were resealed with molten paraffin wax, cooled, and stored. Mounted 
slides were allowed to dry for a minimum of 15 minutes (min) before being placed on a 
slide warmer heated to approximately 45°C. After a minimum of 15 min, the mounted 
slides were placed in an oven maintained at 57°C until stained with Giemsa according to 
a standard operating procedure developed by William Norfolk and Esther Peters at 
George Mason University. Histoslides previously prepared from the same paraffin blocks 
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and stained with H&E were used opportunistically, but were not available from 2007. 
Tissue samples were not available for 2006, 2008, or 2009. 
 
 Additional histoslides were available that had been collected from Oakland and 
Scooter sites off Broward County in August of 2008 after a WBD study conducted during 
the summer of 2007 and winter of 2007–2008 (Smith and Thomas, 2008; Smith, 2013). 
Available slides from terminal regions of A. cervicornis branches were selected from all 
sampled colonies. Most histoslides used in this study were prepared from tissue blocks 
that had been previously sectioned and stained with Harris‘s H&E. The first available 
histoslide stained with H&E and the first available histoslide stained with Giemsa for 
each sampled coral were selected for observation. If no histoslide stained with Giemsa 
was available for a given sample, the first available unstained slide was selected to stain 
with Giemsa and examined with light microscopy. Unstained slides were combined with 
unstained slides from the reproduction study for Giemsa staining. Due to the 
decalcification of the specimens with hydrochloric acid, a 3-hour bicarbonate bath (5% 
by volume) step was added after the slides were deparaffinized and hydrated with 
deionized water to restore basophilia in the tissue sections. After 3 hours, slides were 
placed in fresh deionized water again for an additional 5 min, followed by the remainder 
of the procedure. Freshly stained and coverslipped histoslides were allowed to dry for at 
least 3 days before examination. 
 
 Because the visual (gross) appearance of the coral tissue when collected is not 
entirely indicative of the health of the tissue, a set of histological benchmarks were used  
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Table 1. Availability of A. cervicornis sample tissue blocks by year and month, showing 
only periods where samples were available. Samples are assumed to be sufficiently 
random and numerous to minimize the possibility of multiple same-colony samples 
creating a bias.
Year Month Available 
Number of 
Samples 
Total Number 
of Stained 
Slides (n) 
Number of 
Slides Stained 
with H&E 
Number of 
Slides Stained 
with Giemsa 
2001 Apr 9 18 9 9 
 May 22 20 10 10 
 June 36 19 9 10 
 July 21 19 9 10 
 Nov 23 16 7 9 
 Dec 10 20 10 10 
2002 Jan 23 20 10 10 
 Feb 12 19 9 10 
 Mar 12 20 10 10 
 Apr 16 20 10 10 
 June 49 20 10 10 
 July 114 20 10 10 
 Aug 15 20 10 10 
 Oct 46 16 6 10 
2003 Apr 16 18 8 10 
 June 70 19 9 10 
 July 60 18 8 10 
2004 Jan 25 20 10 10 
 Feb 6 11 5 6 
 July 18 15 5 10 
 Aug 11 20 10 10 
 Oct 1 1 0 1 
 Dec 9 15 7 8 
2005 Feb 7 7 0 7 
 July 9 18 9 9 
2007 Apr 3 3 0 3 
2010 July 40 18 8 10 
 Aug 2 4 2 2 
2011 July 12 20 10 10 
 Aug 10 20 10 10 
2012 July 38 20 10 10 
Total 31 
months 
745 (620 to be 
used) 
ntotal = 514 
(83% of goal) 
240 (47% of 
ntotal) 
274 (53% of 
ntotal) 
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to qualify tissue condition. These included (1) marked decrease of zooxanthellae in 
gastrodermal tissues, (2) necrosis of the gastrodermis, (3) the presence of basophilic 
ovoid bodies in the basal body wall of the polyp, (4) atrophy or ablation of the basal body 
wall, and (5) atrophy or ablation of the surface body wall (Peters, 1983, 1984; Galloway, 
2007). Each slide was assessed initially for these benchmarks at 100x magnification, 
followed by closer examination at 400x. Based on these guidelines, the apparent health of 
the coral was characterized using a semiquantitative scale with ―0‖ being defined as a 
coral in seemingly good health (within normal limits). Mean scores of 0.1–1.9 indicated 
mild deviations from normal limits, mean scores of 2–3.9 indicated moderate deviations, 
and mean scores of 4–5 indicated severe deviations (Figures 1–3). These semiquantitative 
data were entered into an Excel spreadsheet for statistical analysis with JMP Pro 10 (SAS 
Institute, Inc.) statistical software. 
 
The histoslides were also examined to characterize the presence of suspect RLOs 
and bacterial aggregates in A. cervicornis tissue samples. Examination was initially 
conducted at 100x to potentially identify clearly visible suspect RLO clusters, followed 
by further examination at 400x. Infection severities of suspect RLOs and bacterial 
aggregates were scored on a semiquantitative scale ranging from ―0‖—meaning that no 
suspect RLOs or bacterial aggregates were visible—to ―5‖. Mean scores of 0.1–1.9 
indicated mild infection severity, mean scores of 2–3.9 indicated moderate infection, and 
mean scores of 4–5 indicated severe infection. A score of ―5‖ for suspect RLO infection 
severity indicated that large concentrations of suspect RLOs were observed in virtually 
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Figure 1. Tissue from sample collected in June, 2001 scored as mildly different from 
normal, showing atrophy of the surface body wall (thin arrows), sections through 
numerous gastrovascular canals (thick arrows), and gastrovascular cavities containing 
sections through mesenteries and mesenterial filaments (). (Heidenhain's aniline blue, 
scale bar = 500 µm) 
 
all possible areas; a score of ―5‖ for bacterial aggregates indicated that these aggregates 
were frequently observed outside of the basal body wall. Suspect RLOs were initially 
segregated into groups based on where they occurred within the polyp in order to 
determine where the suspect RLOs were most frequently observed: filament suspect 
RLOs (―filament RLOs,‖ for convenience) were observed within the gastrovascular 
cavity in cells of the cnidoglandular bands of the mesenterial filaments; epidermal 
suspect RLOs (―epidermal RLOs,‖ for convenience) were observed in epithelia of the 
actinopharynx, oral disc, and tentacles. To investigate effects of overall suspect RLO 
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Figure 2. Tissue from sample collected in June, 2001 scored as moderately different 
from normal, showing multifocal disruption of the surface body wall (thin arrows) and 
atrophy and full-thickness ablation of the basal body wall (thick arrows). (Heidenhain's 
aniline blue, scale bar = 500 µm) 
 
 
infection, filament and epidermal RLO prevalence scores were pooled and averaged. 
These data were entered into an Excel spreadsheet for statistical analysis with JMP Pro 
10. 
 
 Further analysis was conducted to more precisely understand any potential 
relationship between suspect RLO numerical presence and size and tissue condition 
scores. Histoslides were selected for imaging randomly; ideal slides were well-stained, 
with well-defined suspect RLO intracellular bodies within infected mucocytes. Images 
(TIFF) were taken through a digital microscope camera and analyzed using ImageJ for 
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Figure 3. Tissue from sample collected in August, 2004 scored as severely different from 
normal, showing hypertrophy of the basal body wall (thin arrows), atrophy and multifocal 
disruptions of the surface body wall (thick arrows), atrophy and necrosis of the 
gastrodermis (thin ), and necrosis of ova (thick ). (H&E, scale bar = 500 µm) 
 
quantitative assessment of the following suspect RLO traits: area of the intracellular 
bodies, number of visible suspect RLOs per intracellular body, and length and area of 
suspect RLOs (Figures 4–7). These data were compiled into a table and identified by 
year, month, and slide to allow comparison of quantitative and semiquantitative suspect 
RLO data using JMP Pro 10. 
 
 Continuous data were tested for normal distribution, and nominal data were tested 
for equal representation to determine whether parametric or nonparametric statistical tests 
would be most appropriate. Months (χ2 (10, N = 514) = 247.61, p < 0.0001), years (χ2 (8, 
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Figure 4. Using the scale bar to set the scale in ImageJ, allowing the program to convert 
pixel measurements to microns. 
 
N = 514) = 344.14, p < 0.0001), and monthly average nighttime sea surface temperature 
ranges (χ2 (2, N =514) = 122.09, p < 0.0001) were not equally represented due to varying 
availability of tissue samples, requiring the use of non-parametric Wilcoxon and Kruskal-
Wallis rank sum tests rather than parametric t-tests for comparisons of data amongst these 
nominal groups. Because normal distributions were only observed for the area of suspect 
RLO intracellular bodies and the distributions were only observed for the area of suspect  
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Figure 5. Using the straight line tool to measure the length of suspect RLOs in ImageJ. 
 
RLO intracellular bodies and the number of visible suspect RLOs within each mucocyte, 
the Spearman's ρ correlation test was used to test correlations between continuous data 
(Wheather and Cook, 2000). 
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Figure 6. Using the brush selection tool to measure the area of suspect RLOs in ImageJ. 
 
 
Figure 7. Using the brush selection tool to measure the area within the infected 
mucocytes filled by suspect RLO intracellular bodies in ImageJ. 
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Results 
Summaries of Data 
 This section includes the results of normality distribution calculations for data 
collected to address each hypothesis, followed by summaries of the corresponding data 
including means, standard deviations, and sample sizes. 
 
Summary of Semiquantitative Time-Series Data from Reproduction Study Samples 
 Semiquantitative data collected from samples that were collected during the 
reproduction study were analyzed with respect to time to address H0 1a and H0 1b. Slides 
from the 2001–2012 reproductive study were given moderate scores for tissue condition 
(mean (M) = 3.0, standard deviation (SD) = 1.0, number of samples (n) = 225); these data 
were not normally distributed (Shapiro-Wilks W (W) = 0.91, p < 0.0001). Scores for 
filament RLO prevalences were also moderate (M = 2.3, SD = 1.1, n = 225), and were not 
normally distributed (W = 0.90, p < 0.0001). Some epidermal RLOs were observed (M = 
2.6, SD = 1.1, n = 225), and these data were not normally distributed (W = 0.92, p < 
0.0001). Overall suspect RLO infection severity was moderate (M = 2.6, SD = 0.9, n = 
225), and these data were not normally distributed (W = 0.92, p < 0.0001). The 
appearance of suspect RLOs was highly variable when histoslides were stained with 
H&E (Figure 8) compared with the histoslides stained with Giemsa. Few bacterial 
aggregates (Figure 9) were observed in these tissue samples (M = 0.7, SD = 1.3, n = 225); 
these data were not normally distributed (W = 0.95, p < 0.0001). 
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Annual Distribution 
Tissue condition scores from all reproduction study histoslides pooled by year 
(Table 2) and from the slides stained with Giemsa (Table 3) were highest in 2002, 2004, 
2005, and 2010. Slides from 2005 that were stained with H&E were scored slightly lower 
(Table 4). Overall, bacterial aggregate scores were highest between 2003 and 2010, with 
the highest scores given in 2007 and 2010. Filament RLO prevalence scores from all 
reproduction study histoslides pooled by year and from the slides stained with Giemsa 
were highest in 2001, 2007, and 2011. Slides from 2003, 2005, and 2010 that were 
stained with H&E were also given higher scores, but slides that had been prepared from 
samples collected in 2007 and had been stained with H&E were not available. Epidermal 
RLO prevalence scores from all reproduction study histoslides pooled by year and from 
the slides stained with Giemsa were highest in 2005 and 2011. Slides from 2011 that 
were stained with H&E were scored slightly lower. Overall suspect RLO prevalence 
severity was highest in 2001, 2005, and 201. When data were pooled by year, overall 
suspect RLO prevalence severity was highest in 2001, 2005, and 2011 (Figures 8, 9). 
 
Monthly Distribution 
Tissue condition scores from all reproduction study histoslides pooled by month 
(Table 5) and from the slides stained with Giemsa (Table 6) were highest from October 
through March, and in June and August. Slides from January that were stained with H&E 
scored slightly lower (Table 7). When data were pooled by month, suspect RLO 
prevalence severity was highest in May, November, and December. Overall, bacterial 
aggregate scores were highest in February. Slides from February and April that were 
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Table 2. Data obtained from A. cervicornis reproductive study slides from samples taken 
between 2001 and 2012, displaying data by years when samples were available. 
Percentage values reflect the percentage of tissue samples displaying each parameter. 
Severity index (SI) values consist of means and standard deviations for each period. Bold 
values indicate moderate to severe scores (≥3). 
Parameter 2001 2002 2003 2004 2005 2007 2010 2011 2012 
Bacterial 
Aggregates % 
7.1 12.2 25.9 28.4 32.0 66.7 59.1 12.5 0 
Bacterial 
Aggregates SI 
0.2 ± 
0.9 
0.2 ± 
0.5 
0.8 ± 
1.5 
0.9 ± 
1.5 
1 ± 
1.5 
2.0 ± 
1.7 
2.0 ± 
1.8 
0.4 ± 
1 
0 
Epidermal 
RLOs % 
94.6 75.0 76.4 74.1 95.8 100 90.1 100 65.0 
Epidermal 
RLOs SI 
2.6 ± 
1.3 
1.8 ± 
1.3 
1.6 ±   
1.3 
1.7 ± 
1.3 
3.1 ± 
0.8 
2.0 ± 
0.0 
2.0 ± 
1.2 
3.2 ± 
0.9 
1.2 ± 
1.2 
Filament 
RLOs % 
97.1 98.7 98.1 82.9 96.0 66.7 95.5 97.5 95.0 
Filament 
RLOs SI 
3.1 ± 
1.1 
2.5 ± 
1.0 
2.7 ± 
1.1 
2.0 ± 
1.3 
2.9 ± 
1.0 
3.3 ± 
1.2 
2.6 ± 
0.9 
3.4 ± 
1.1 
2.1 ± 
1.2 
Suspect RLO 
SI 
2.9 ± 
1 
2.1 ± 
1 
2.2 ± 
1 
1.8 ± 
0.9 
3.0 ± 
0.7 
2.7 ± 
0.6 
2.3 ± 
0.8 
3.3 ± 
0.7 
1.7 ± 
1 
Condition of 
Tissue 
2.7   
± 1.1 
3.2 ± 
0.9 
3.0 ± 
0.9 
3.5 ± 
1.1 
3.0 ± 
0.8 
2.7 ± 
0.6 
3.4 ±   
0.8 
2.4 ± 
0.8 
2.5 ± 
0.8 
 
stained with Giemsa received higher bacterial aggregate scores than other months. 
 
 Of the slides stained with H&E, only those from February received relatively high 
bacterial aggregate scores. Higher filament RLO prevalence scores were given to slides 
from May that were stained with Giemsa, and slides from January, April, May, July, 
August, November, and December that were stained with H&E. Overall, filament RLO 
prevalence scores were highest in May and November.  Higher epidermal RLO 
prevalence scores were given to slides from February, May, and October that were 
stained with Giemsa; and slides from November and December that were stained with 
H&E. Overall, epidermal RLO prevalence scores were highest in November and 
December. Overall suspect RLO prevalence severity was highest in February and May
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Figure 8. Severity index scores for multiple parameters from all observed histoslides by 
year.
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Table 3. Data obtained from A. cervicornis reproductive study slides from samples taken 
between 2001 and 2012 stained with Giemsa, displaying data by years when samples 
were available. Percentage values reflect the percentage of tissue samples displaying each 
parameter. Severity index (SI) values consist of means and standard deviations for each 
period. Bold values indicate moderate to severe scores (≥3). 
Parameter 2001 2002 2003 2004 2005 2007 2010 2011 2012 
Bacterial 
Aggregates % 
13.8 15.0 34.5 31.8 43.8 66.7 58.3 25.0 0 
Bacterial 
Aggregates SI 
0.4 ± 
1.2 
0.2 ± 
0.5 
1.1 ± 
1.7 
1 ± 
1.7 
1.4 ± 
1.7 
2.0 ± 
1.7 
1.9 ± 
1.8 
0.7 ± 
1.3 
0 
Epidermal 
RLOs % 
100 98.8 100 90.1 100 100 91.7 100 70.0 
Epidermal 
RLOs SI 
3.1 ± 
1 
2.4 ± 
1.1 
2.3 ± 
1.1 
2.3 ± 
1.1 
3.0 ± 
0.9 
2.0 ± 
0.0 
2.7 ± 
1.2 
3.6 ± 
0.5 
1.7 ± 
1.3 
Filament 
RLOs % 
100 98.8 96.6 68.9 93.8 100 91.7 95.0 90.0 
Filament 
RLOs SI 
2.8 ± 
0.9 
2.3 ± 
0.9 
2.4 ± 
1.2 
1.5 ± 
1.3 
2.6 ± 
1.0 
3.3 ± 
1.2 
2.3 ± 
1.1 
2.7 ± 
1.1 
2.0 ± 
1.2 
Suspect RLO 
SI 
3.0 ± 
0.8 
2.4 ± 
0.9 
2.3 ± 
1 
1.9 ± 
1.1 
2.8 ± 
0.8 
2.7 ± 
0.6 
2.5 ± 
1.1 
3.1 ± 
0.7 
1.9 ± 
1.1 
Condition of 
Tissue 
2.5  ± 
1.2 
3.2 ± 
0.9 
3.3 ± 
0.8 
3.5 ± 
1.1 
3.4 ± 
0.6 
2.7 ± 
0.6 
3.5 ± 
0.9 
2.8 ± 
0.6 
2.7 ± 
1 
 
when slides were stained with Giemsa, and highest in November and December when 
slides were stained with H&E (Figures 10, 11). 
 
Summary of Semiquantitative Data from Reproduction Study Samples 
 Semiquantitative data collected from samples that were collected during the 
reproduction study were analyzed with respect to histological condition to address H0 2a 
and H0 2b. These data were not normally distributed. Prepared histoslides from samples 
collected during the reproduction study displayed moderately abnormal tissue condition 
(M = 3, SD = 1.0, n = 225). Bacterial aggregates were rarely observed (M = 0.6, SD = 1.3, 
n = 225). Scores for filament RLO prevalences and epidermal RLO prevalences were 
moderate and similar (M = 2.4, SD = 1.0, n = 225; M = 2.7, SD = 1.1, n = 225); overall  
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Table 4. Data obtained from A. cervicornis reproductive study slides from samples taken 
between 2001 and 2012 stained with Harris‘ H&E, displaying data by years when 
samples were available. Percentage values reflect the percentage of tissue samples 
displaying each parameter. Severity index (SI) values consist of means and standard 
errors for each period. Bold values indicate moderate to severe scores (≥3). 
Parameter 2001 2002 2003 2004 2005 2010 2011 2012 
Bacterial 
Aggregates % 
0 9.3 16.0 24.3 11.1 60.0 0 0 
Bacterial 
Aggregates SI 
0 0.2 ± 
0.5 
0.5 ± 
1.3 
0.8 ± 
1.4 
0.1 ± 
0.3 
2.0 ±   
1.9 
0 0 
Epidermal 
RLOs % 
88.9 64.0 48.0 54.1 100 90.0 100 60.0 
Epidermal 
RLOs SI 
2.1 ± 
1.4 
1.1 ± 
1.0 
0.9 ± 
1.1 
1.0 ± 
1.1 
3.2 ± 
0.7 
1.2 ± 
0.6 
2.8 ± 
1.1 
0.7 ± 
0.7 
Filament 
RLOs % 
100 98.7 100 100 100 100 100 100 
Filament 
RLOs SI 
3.5 ± 
1.1 
2.6 ± 
1.2 
3.1 ± 
0.9 
2.5 ± 
0.9 
3.3 ± 
0.9 
3.1 ± 
0.3 
4.0 ± 
0.5 
2.2 ± 
1.2 
Suspect RLO 
SI 
2.8 ± 
1.1 
1.9 ± 
1 
2.0 ± 
0.9 
1.8 ± 
0.7 
3.3 ± 
0.5 
2.2 ± 
0.4 
3.4 ± 
0.6 
1.5 ± 
0.9 
Condition of 
Tissue 
2.9 ± 
1 
3.3 ± 
1 
2.6 ± 
0.8 
3.5 ± 
1.1 
2.4 ± 
0.9 
3.3 ± 
0.7 
2.0 ± 
0.8 
2.3 ± 
0.5 
 
suspect RLO prevalence severity scores were moderate (M = 2.6, SD = 0.9, n = 225). 
 
Summary of Semiquantitative Data from Post-WBD Study Samples 
 Semiquantitative data collected from samples that were collected after the WBD 
study were analyzed with respect to collection site and visual condition to address H0 2a 
and H0 2b. 
 
 Locality Distribution 
 Data from histoslides of samples taken after the WBD study in August 2008 were 
segregated by the location where the corresponding sample was collected. Tissue 
condition scores and overall suspect RLO prevalence severity data from samples that had 
 37 
 
 
Figure 9. Severity index scores for multiple parameters from all observed histoslides 
categorized by stain and year.
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Table 5. Data obtained from A. cervicornis reproductive study slides from samples taken 
between 2001 and 2012, displaying data by months when samples were available. 
Percentage values reflect the percentage of tissue samples displaying each parameter. 
Severity index (SI) values consist of means and standard deviations for each period. Bold 
values indicate moderate to severe scores (≥3). 
Parameter Jan Feb Mar Apr May June July Aug Oct Nov Dec 
Bacterial 
Aggregates 
% 
2.5 45.9 0 28.8 0 12.1 19.0 19.0 23.5 18.8 8.6 
Bacterial 
Aggregates 
SI 
0 ± 
0.2 
1.6 
± 
1.9 
0 0.8 
± 
1.4 
0 0.3 ± 
0.9 
0.5 
± 
1.2 
0.4 
± 
1.0 
0.3 
± 
0.6 
0.4 
± 
1.1 
0.3 
± 
1.1 
Epidermal 
RLOs % 
90 86.1 60.0 88.1 90.0 81.0 87.8 74.6 70.6 100 97.1 
Epidermal 
RLOs SI 
2.1 
± 
1.2 
2.1 
± 
1.4 
1.1 
± 
1.1 
1.9 
± 
1.3 
2.3 
± 
1.5 
2 ± 
1.3 
2.1 
± 
1.2 
2.1 
± 
1.6 
2.1 
± 
1.8 
2.6 
± 
0.6 
2.9 
± 
1.1 
Filament 
RLOs % 
100 97.3 100 98.3 100 98.3 95.9 87.5 94.1 100 91.4 
Filament 
RLOs SI 
2.9 
± 
1.1 
2.7 
± 
1.2 
2.0 
± 
0.8 
2.7 
± 
1.2 
3.4 
± 
0.8 
2.6 ± 
0.9 
2.6 
± 
1.1 
2.6 
± 
1.4 
1.9 
± 
1.1 
3.4 
± 
1.4 
2.7 
± 
1.4 
Suspect 
RLO SI 
2.5 
± 
0.8 
2.4 
± 
1.2 
1.5 
± 
0.7 
2.3 
± 1 
2.8 
± 
0.8 
2.3 ± 
0.9 
2.4 
± 1 
2.3 
± 
1.2 
2.0 
± 
1.3 
3 ± 
0.9 
2.8 
± 
1.1 
Condition 
of Tissue 
2.9 
± 
0.9 
3.4 
± 
0.7 
3.1 
± 
0.7 
2.6 
± 1 
1.8 
± 1 
3.3 ± 
1.1 
2.9 
± 
0.9 
3.4 
± 
1.2 
4.0 
± 
1.2 
3.3 
± 
0.6 
3.3 
± 
0.8 
 
been collected from the Oakland site were normally distributed (W = 0.91, p = 0.0687; W 
= 0.91, p = 0.0651). Other data from slides collected after the WBD study and segregated 
by sampling location were not normally distributed. Prepared histoslides from samples 
collected at the Scooter thicket offshore of Broward County displayed moderately 
abnormal tissue condition (M = 2.5, SD = 0.8, n = 15). 
  
 Bacterial aggregates were not observed in sections stained with Giemsa, and were 
only observed once in slides stained with H&E. Average scores for filament RLO 
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Figure 10. Severity index scores for multiple parameters from all observed histoslides by 
month.
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Table 6. Data obtained from A. cervicornis reproductive study slides from samples taken 
between 2001 and 2012 stained with Giemsa, displaying data by months when samples 
were available. Percentage values reflect the percentage of tissue samples displaying each 
parameter. Severity index (SI) values consist of means and standard deviations for each 
period. Bold values indicate moderate to severe scores (≥3). 
Parameter Jan Feb Mar Apr May June July Aug Oct Nov Dec 
Bacterial 
Aggregates 
% 
5.0 52.2 0 40.6 0 16.7 23.1 25.8 18.2 33.3 16.7 
 
Bacterial 
Aggregates 
SI 
0.1 
± 
0.2 
2 ± 
2 
0 1.1 
± 
1.5 
0 0.4 ± 
1.1 
0.6 
± 
1.3 
0.6 
± 
1.2 
0.3 
± 
0.7 
0.8 
± 
1.4 
0.6 
± 
1.5 
Epidermal 
RLOs % 
100 100 100 100 100 100 93.7 90.3 100 100 94.4 
Epidermal 
RLOs SI 
2.6 
± 
0.9 
3.0 
± 
0.9 
1.8 
± 
0.9 
2.3 
± 
1.2 
3.5 
± 
0.9 
2.7 ± 
1.1 
2.5 
± 
1.1 
2.8 
± 
1.3 
3.1 
± 
1.2 
2.2 
± 
0.4 
2.7 
± 
1.0 
Filament 
RLOs % 
90.0 95.7 100 96.8 100 96.7 92.4 75.0 100 100 83.3 
Filament 
RLOs SI 
2.3 
± 
0.6 
3.1 
± 
1.1 
2.0 
± 
0.7 
2.2 
± 
1.2 
3.1 
± 
0.9 
2.5 ± 
0.9 
2.2 
± 
1.1 
2.0 
± 
1.5 
2.4 
± 
1.0 
2.4 
± 
1.0 
2.2 
± 
1.2 
Suspect 
RLO SI 
2.4 
± 
0.6 
3.0 
± 
0.9 
1.9 
± 
0.7 
2.3 
± 
1.1 
3.3 
± 
0.8 
2.6 ± 
0.8 
2.4 
± 
0.9 
2.4 
± 
1.3 
2.7 
± 
0.9 
2.3 
± 
0.6 
2.4 
± 
0.9 
Condition 
of Tissue 
3.1 
± 
0.9 
3.4 
± 
0.7 
3.2 
± 
0.8 
2.5 
± 
1.1 
1.3 
± 
0.5 
3.2 ± 
1 
3.0 
± 
0.9 
3.4 
± 
1.2 
3.6 
± 
1.3 
3.6 
± 
0.5 
3.4 
± 
0.8 
 
prevalences and epidermal RLO prevalences were moderate and not similar (M = 2.6, SD 
= 0.7, n = 15; M = 3.1, SD = 0.7, n = 15); overall suspect RLO prevalence severity scores 
tended to be moderate (M = 2.9, SD = 0.6, n = 15). Prepared histoslides from samples 
collected at the Oakland thicket offshore of Broward County displayed moderately 
abnormal tissue condition (M = 2.4, SD = 1.2, n = 19). Average scores for filament RLO 
prevalences and epidermal RLO prevalences were moderate and similar (M = 2.4, SD = 
1.0, n = 19; M = 3, SD = 1.2, n = 19); overall suspect RLO prevalence severity scores 
tended to be moderate (M = 2.7, SD = 0.9, n = 19).  
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Table 7. Data obtained from A. cervicornis reproductive study slides from samples taken 
between 2001 and 2012 stained with Harris‘ H&E, displaying data by months when 
samples were available. Percentage values reflect the percentage of tissue samples 
displaying each parameter. Severity index (SI) values consist of means and standard 
errors for each period. Bold values indicate moderate to severe scores (≥3). 
Parameter Jan Feb Mar Apr May June July Aug Oct Nov Dec 
Bacterial 
Aggregates 
% 
0 35.7 0 14.8 0 7.1 14.5 12.5 33.3 0 0 
 
Bacterial 
Aggregates 
SI 
0 1.1 
± 
1.5 
0 0.5 
± 
1.3 
0 0.1 ± 
0.4 
0.5 
± 
1.2 
0.3 
± 
0.8 
0.3 
± 
0.5 
0 0 
Epidermal 
RLOs % 
80.0 64.3 20.0 74.1 80.0 60.7 81.2 59.4 16.7 100 100 
Epidermal 
RLOs SI 
1.7 
± 
1.2 
0.6 
± 
0.5 
0.3 
± 
0.7 
1.4 
± 
1.1 
1.0 ± 
0.8 
1.1 ± 
1.1 
1.7 
± 
1.2 
1.4 
± 
1.5 
0.2 
± 
0.4 
3.0 
± 
0.6 
3.1 
± 
1.2 
Filament 
RLOs % 
100 100 100 100 100 100 100 100 83.3 100 100 
Filament 
RLOs SI 
3.6 
± 
1 
1.9 
± 
0.9 
2.0 
± 
0.9 
3.3 
± 
0.9 
3.6 ± 
0.5 
2.7 ± 
0.9 
3.0 
± 
1.0 
3.2 
± 
1 
1.0 
± 
0.6 
4.6 
± 
0.5 
3.4 
± 
1.4 
Suspect 
RLO SI 
2.6 
± 
0.9 
1.3 
± 
0.5 
1.2 
± 
0.5 
2.3 
± 
0.9 
2.3 ± 
0.4 
1.9 ± 
0.8 
2.3 
± 1 
2.3 
± 
1.1 
0.6 
± 
0.5 
3.8 
± 
0.4 
3.2 
± 
1.2 
Condition 
of Tissue 
2.6 
± 
0.9 
3.4 
± 
0.7 
3.0 
± 
0.7 
2.7 
± 
0.7 
2.3 ± 
1.1 
3.4 ± 
1.2 
2.7 
± 
0.9 
3.4 
± 
1.3 
4.8 
± 
0.4 
2.9 
± 
0.4 
3.2 
± 
0.9 
 
Visual Assessment during Collection 
 Data from histoslides from samples taken after the WBD study were segregated 
by the visual condition of sampled corals at the time of collection. Tissue condition 
scores were normally distributed for corals showing gross signs of fast and slow WBD 
(W = 0.93, p = 0.5224; W = 0.88, p = 0.1973), and for corals that appeared visually 
healthy (W = 0.93, p = 0.4664). Filament RLO prevalence scores were normally 
distributed for corals showing gross signs of fast and slow WBD (W = 0.83, p = 0.0555; 
W = 0.83, p = 0.0555), for corals showing gross signs of RTL (W = 0.87, p = 0.1560) and 
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Figure 11. Severity index scores for multiple parameters from all observed histoslides 
categorized by stain and month.
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Figure 12. Examples of variations in RLO staining, showing suspect RLO inclusions in 
the gastrovascular cavity (blue) and in the surface body wall (green). (H&E, scale bar = 
20 µm) 
 
for corals that appeared visually healthy (W = 0.87, p = 0.0898). Epidermal RLO 
prevalence scores were normally distributed for corals showing gross signs of fast and 
slow WBD (W = 0.87, p = 0.1560; W = 0.9, p = 0.2686). Overall suspect RLO prevalence 
severity scores were normally distributed for corals showing gross signs of fast and slow 
WBD (W = 0.86, p = 0.1274; W = 0.94, p = 0.6412), for corals showing gross signs of 
RTL (W = 0.92, p = 0.4082) and for corals that appeared visually healthy (W = 0.88, p = 
0.1309). 
 
 Prepared histoslides from corals that displayed gross signs of fast WBD displayed  
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Figure 13. Bacterial aggregate (thin arrow) found in a tissue sample from June, 2002. 
(Heidenhain's aniline blue, scale bar = 50 µm) 
 
moderately abnormal tissue condition (M = 2.5, SD = 0.9, n = 8). Average scores for 
filament RLO prevalences and epidermal RLO prevalences were moderate and similar 
(M = 2.8, SD = 0.7, n = 8; M = 2.9, SD = 1, n = 8); overall suspect RLO prevalence 
severity scores tended to be moderate (M = 2.8, SD = 0.7, n = 8). Prepared histoslides 
from corals that displayed gross signs of slow WBD displayed moderately abnormal 
tissue condition (M = 2.1, SD = 1.1, n = 8). Average scores for filament RLO prevalences 
and epidermal RLO prevalences were moderate and similar (M = 2.8,SD = 0.7, n = 8; M 
= 3.1, SD = 1.6, n = 8); overall suspect RLO prevalence severity scores tended to be 
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moderate (M = 2.9, SD = 1.0, n = 8). Prepared histoslides from corals that displayed gross 
signs of RTL displayed moderately abnormal tissue condition (M = 2.9, SD = 0.6, n = 8). 
 
 Average scores for filament RLO prevalences and epidermal RLO prevalences 
were moderate and not similar (M = 2.1, SD = 1, n = 8; M = 3.1, SD = 0.4, n = 8); overall 
suspect RLO prevalence severity scores tended to be moderate (M = 2.6, SD = 0.5, n = 8). 
Prepared histoslides from corals that were visually healthy displayed moderately 
abnormal tissue condition (M = 2.3, SD = 1.3, n = 10). Average scores for filament RLO 
prevalences and epidermal RLO prevalences were moderate and not similar (M = 2.4, SD 
= 1.1, n = 10; M = 3.0, SD = 0.9, n = 10); overall suspect RLO prevalence severity scores 
tended to be moderate (M = 2.7, SD = 1, n = 8). 
 
Summary of Quantitative Suspect RLO Data 
 Quantitative data collected from histoslides randomly selected for analysis using 
ImageJ were analyzed with respect to semi-quantitative data to address H0 3a and H0 3b. 
The areas within the infected mucocytes filled by suspect RLO intracellular bodies, and 
the number of suspect RLOs within each mucocyte were normally distributed (W = 0.97, 
p = 0.4434; W = 0.95, p = 0.0880). Other data collected from histoslides that were 
selected for quantitative analysis were not normally distributed. 
 
 The average area within the infected mucocytes filled by suspect RLO 
intracellular bodies was approximately 20 µm
2
 (M = 21.5, SD = 8.0, n = 40). Infected 
mucocytes typically contained approximately 9 suspect RLOs (M = 8.8, SD = 3.3, n = 
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40). Suspect RLOs were typically approximately 1.1 µm in length (M = 1.1, SD = 0.4, n 
= 352), and had an area of approximately 1.2 µm
2
 (M = 1.2, SD = 0.8, n = 352). On 
average, histoslides examined for quantitative data were given moderate scores for tissue 
condition (M = 3, SD = 0.7, n = 352), mild scores for the presence of bacterial aggregates 
(M = 1.9, SD = 0.2, n = 352), and moderate scores for filament, epidermal, and overall 
suspect RLO prevalence severity (M = 2.7, SD = 0.9, n = 352; M = 3.1, SD = 1.1, n = 
352; M = 2.9, SD = 0.9, n = 352). 
 
Summary of Semiquantitative Data by Stain 
 Semiquantitative data collected from all selected were analyzed with respect to 
stain to address H0 5a, H0 5b, and H0 5c. 
 
H&E 
 Histoslides stained with H&E from the 2001–2012 reproductive study were given 
moderate scores for tissue condition (M = 3.0, SD = 1.0, n = 240). Few bacterial 
aggregates were observed in these tissue samples (M = 0.3, SD = 0.9, n = 240). Filament 
RLO prevalence scores were moderate (M = 3.0, SD = 1.1, n = 240), and epidermal RLO 
prevalence scores were lower than filament RLO prevalence scores (M = 1.5, SD = 1.3, n 
= 240). Overall suspect RLO scores for slides stained with H&E from the reproduction 
study were moderate (M = 2.5, SD = 1, n = 275). Slides stained with H&E from after the 
WBD study were given lower tissue condition scores (M = 2.4, SD = 1.1, n = 34). One 
bacterial aggregate was observed in this data set (M = 0, SD = 0.2, n = 34). Filament RLO 
prevalence scores for histoslides stained with Giemsa from after the WBD study were 
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moderate (M = 2.5, SD = 1.1, n = 34). Epidermal RLO prevalence scores for histoslides 
stained with H&E from after the WBD study were higher than epidermal RLO 
prevalence scores for slides stained with H&E from the 2001–2012 reproduction study 
(M = 2.7, SD = 1.1, n = 34). Overall suspect RLO scores for slides stained with H&E 
from after the WBD study were moderate (M = 2.6, SD = 0.9, n = 34). These data were 
not normally distributed. 
Giemsa 
 Slides stained with Giemsa from the 2001–2012 reproductive study were given 
moderate scores for tissue condition (M = 3.1, SD = 1.0, n = 274) . Few bacterial 
aggregates were observed in these tissue samples (M = 0.7, SD = 1.3, n = 272). Filament 
RLO prevalence scores were mild (M = 2.3, SD = 1.1, n = 273), and epidermal RLO 
prevalence scores were higher than filament RLO prevalence scores (M = 2.6, SD = 1.1, n 
= 272). Overall suspect RLO scores for slides stained with Giemsa from the reproduction 
study were moderate (M = 2.3, SD = 1.1, n = 240). Slides stained with Giemsa from after 
the WBD study were given mild tissue condition scores (M = 2.2, SD = 1, n = 34). No 
bacterial aggregates were observed in these tissue samples (n = 34). Filament RLO 
prevalence scores for histoslides stained with Giemsa from after the WBD study were 
moderate (M = 2.5, SD = 0.9, n = 34). Epidermal RLO prevalence scores for histoslides 
stained with Giemsa from after the WBD study were higher than epidermal RLO 
prevalence scores for histoslides stained with Giemsa from the 2001–2012 reproduction 
study (M = 3.0, SD = 1, n = 34). Overall suspect RLO scores for slides stained with 
Giemsa from after the WBD study were moderate (M = 2.8, SD = 0.8, n = 34). These data 
were not normally distributed. 
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Data Comparison 
 This section includes the results of statistical tests used to address each hypothesis 
and examine relationships between variables based on types of data and normality 
distribution calculations. 
 
Temporal Trends in Severity of Suspect RLO Infections and Presence of Bacterial 
Aggregates 
 Comparisons of data to address H0 1a and H0 1b indicated that filament RLO 
prevalence scores varied significantly from the population mean score by month (Chi-
square (χ2) (10, N = 225) = 28.01, p = 0.0018), with the largest differences observed in 
prepared histoslides from samples collected in February, March, May, and October. 
Epidermal RLO prevalence scores also varied significantly from the population mean 
score (χ2 (10, N = 225) = 24.05, p = 0.0075), with the largest differences observed in 
prepared histoslides from samples collected in March, April, May, and August. When 
combined, suspect RLO infection scores varied significantly from the population mean 
score by month (χ2 (10, N = 225) = 28.99, p = 0.0012), with the largest differences 
observed in prepared histoslides from samples collected in February, March, April, and 
May. Bacterial aggregate scores did not vary significantly from the population mean 
score by month overall (χ2 (10, N = 225) = 17.44, p = 0.0652), but large differences from 
the population mean score were observed in prepared histoslides from samples collected 
from January to May (Figures 14–16). 
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 Filament RLO prevalence scores varied significantly from the population mean 
score by year (χ2 (7, N = 225) = 23.01, p = 0.0017), with the largest differences observed 
in prepared histoslides from samples collected in 2001, 2004, 2005, and 2012. Epidermal 
RLO prevalence scores also varied significantly from the population mean score (χ2 (7, N 
= 225) = 44.2, p < 0.0001), with the largest differences observed in prepared histoslides 
from samples collected in 2001, 2002, 2003, 2005, 2011, and 2012. When combined, 
suspect RLO infection scores varied significantly from the population mean score by year 
(χ2 (7, N = 225) = 37.72, p < 0.0001) with the largest differences observed in prepared 
histoslides from samples collected in 2001, 2002, 2004, 2005, 2011, and 2012. Bacterial 
aggregate scores varied significantly from the population mean score by year (χ2 (7, N = 
225) = 27.24, p = 0.0003), with the largest differences observed in prepared histoslides 
from samples collected in 2002, 2003, 2004, 2010, and 2012.  
 
 To minimize bias, the differences by year were retested using data from July; 
these data represent every year sampled except 2007. The data from July suggest that 
filament RLO prevalence scores did not vary significantly from the population mean 
score overall, but large differences from the population mean score were observed in 
prepared histoslides from samples 68) = 26.5, p = 0.0004), and only prepared histoslides 
from samples collected in 2003 and 2004 were given scores similar to the population 
mean score. Pooled suspect RLO infection severity scores varied significantly from the 
population mean score (χ2 (7, N = 68) = 23.04, p = 0.0017), and only prepared histoslides 
from samples collected in 2003, 2010, and 2011 were given scores similar to the 
population mean score. Bacterial aggregate scores varied significantly from the  
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Figure 14. Means and 95% confidence interval (CI) of filament RLO prevalence scores 
(top), epidermal RLO prevalence scores (bottom). Significant deviations from population 
mean marked by asterisk. 
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* 
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Figure 15. Means and 95% CI of average pooled suspect RLO scores by month. 
Significant deviations from population mean marked by asterisk. 
 
  
Figure 16. Means and 95% CI of bacterial aggregate scores by month. Significant 
deviations from population mean marked by asterisk. 
* 
* * 
* 
* 
* 
* 
* 
* 
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population mean score overall (χ2 (7, N = 68) = 23.09, p = 0.0016), with the largest 
differences observed in prepared histoslides from samples collected in 2003, 2004, 2010, 
and 2012 (Figures 17–20).  
 
Severity of Suspect RLO Infections and Presence of Bacterial Aggregates in 
Relation to Visual or Histological Tissue Condition 
 Comparisons of data from prepared histoslides from reproduction study samples 
to address H0 2a and H0 2b indicated a significant correlation between epidermal RLO 
prevalence scores and tissue condition scores (rs = -0.14, p = 0.0303) (Figure 21). 
Nonsignificant correlations were observed between filament RLO prevalence scores and 
tissue condition scores (rs = -0.09, p = 0.1565), overall suspect RLO prevalence severity 
scores and tissue condition scores (rs = -0.13, p = 0.0521), and bacterial aggregate scores 
and tissue condition scores (rs = 0.12, p = 0.0614). Data from samples taken after the 
WBD study indicated no significant correlations between suspect RLO infection severity 
or the presence of bacterial aggregates and tissue condition scores. 
 
 Data from samples taken after the WBD study indicated no significant differences 
from population mean scores for any tested semiquantitative parameters by visual tissue 
condition. Pairwise comparisons identified the largest difference between higher tissue 
condition scores for histoslides taken from corals that displayed gross signs of RTL and 
lower tissue condition scores for histoslides taken from corals that displayed gross signs 
of slow or fast WBD and lower filament RLO prevalence scores for histoslides taken 
from corals that displayed gross signs of RTL, but these differences also failed to achieve  
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Figure 17. Means and 95% CI of filament RLO prevalence scores by year from all 
months (top) and July (bottom). Significant deviations from population mean marked by 
asterisk. 
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Figure 18. Means and 95% CI of epidermal RLO prevalence scores by year from all 
months (top) and July (bottom). Significant deviations from population mean marked by 
asterisk. 
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Figure 19. Means and 95% CI of average pooled suspect RLO scores by year from all 
months (top) and July (bottom). Significant deviations from population mean marked by 
asterisk. 
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Figure 20. Means and 95% CI of bacterial aggregate scores by year from all months (top) 
and July (bottom). Significant deviations from population mean marked by asterisk. 
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significance (Z = 1.45, p = 0.1468; Z = 1.45, p = 0.1468). Significant differences between 
higher filament RLO prevalence scores for samples taken from corals that showed gross 
signs of slow or fast WBD and lower filament RLO prevalence scores for samples taken 
from corals that showed gross signs of RTL were only observed in Oakland site samples 
(Z = 2.16, p = 0.0304; Z = 1.96, p = 0.0495). Whereas Scooter site samples indicated 
higher epidermal RLO prevalence scores and overall suspect RLO prevalence severity for 
prepared histoslides from corals that showed gross signs of slow WBD, data from 
prepared histoslides from Oakland site samples with slow WBD indicated lower 
epidermal RLO prevalence scores and overall suspect RLO prevalence severity. 
 
Severity of Suspect RLO Infections and Presence of Bacterial Aggregates in 
Relation to Nighttime Sea Surface Temperature 
 Comparisons of data to address H0 3a and H0 3b indicated that average monthly 
nighttime sea surface temperatures were found to have no significant correlation to 
filament RLO infection or the presence of bacterial aggregates. These data were tested for 
significant differences between ranges above, within, or below 24–29°C. Wilcoxon and 
Kruskal-Wallis rank sum tests indicated that epidermal RLO prevalence scores were 
significantly lower for prepared histoslides from samples collected when the average 
monthly nighttime sea surface temperature was within the range of  24–29°C than for 
prepared histoslides from samples collected when the average monthly nighttime sea 
surface temperature was either above or below this range (Table 9), and that overall 
suspect RLO prevalence severity scores were significantly higher for prepared histoslides 
from samples collected when the average monthly nighttime sea surface temperature was 
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Figure 21. Linear regression of suspect epidermal RLO prevalence severity scores and 
area of individual suspect RLOs on semiquantitative scores for histological condition of 
coral tissue (rs = -0.14, p = 0.0303; rs = 0.15, p = 0.0059). 
 
below the range of  24–29°C than for prepared histoslides from samples collected when 
the average monthly nighttime sea surface temperature was within this range (χ2 (2, N = 
225) = 7.04, p = 0.0295; Z = 2.59, p = 0.0095) (Figure 23). 
 
 Quantitative Suspect RLO Variables in Relation to Tissue Condition 
 Comparisons of data to address H0 4a, H0 4b, and H0 4c indicated a small and 
positive correlation between the area of individual suspect RLOs and tissue condition (rs 
= 0.15, p = 0.0059). No correlation was indicated between the length of individual 
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suspect RLOs and tissue condition. While negative correlations were indicated between 
the area within the infected mucocytes filled by suspect RLO intracellular bodies and 
tissue condition, and the number of suspect RLOs within each infected mucocyte and 
tissue condition, these correlations were not significant (rs = -0.22, p = 0.1766, rs = -0.26, 
p = 0.1084). 
 
Data from Histoslides Stained with Giemsa in Relation to Data from Histoslides 
Stained with H&E 
 Comparisons of data to address H0 5a, H0 5b, and H0 5c using the Wilcoxon and 
Kruskal-Wallis rank sum test indicated no significant difference in tissue condition 
between histoslides that were prepared from reproduction study samples and stained with 
either Giemsa or H&E. Prepared histoslides from reproduction study samples stained 
with Giemsa were scored significantly lower for filament RLO presence (χ2 (1, N = 452) 
= 32.15, p < 0.0001), and significantly higher for epidermal RLO presence (χ2 (1, N = 
452) = 91.6, p < 0.0001), overall suspect RLO prevalence severity (χ2 (1, N = 452) = 
11.53, p = 0.0007), and presence of bacterial aggregates (χ2 (1, N = 452) = 8.30, p = 
0.0040). Wilcoxon signed-rank tests of WBD study histoslides indicated no significant 
differences in tissue condition (χ2 (1, N = 68) = 1.37, p = 0.2417), filament or epidermal 
RLO presence (χ2 (1, N = 68) = 0.0042, p = 0.9485; χ2 (1, N = 68) = 1.91, p = 0.1668), or 
the presence of bacterial aggregates (χ2 (1, N = 68) = 1.00, p = 0.3173) between slides 
stained with Giemsa and slides stained with H&E. 
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Table 8. Monthly averages of nighttime sea surface temperatures in Broward County, 
Florida in degrees Celsius from sampled months between 2001 and 2012. 
 Jan Feb Mar Apr May Jun Jul Aug Oct Nov Dec 
Avg 
SST 
(°C) 
23.0 
± 1.0 
21.6 
± 0.8 
24.0 
± 0.0 
26.1 
± 0. 
29.0 
± 0.0 
30.0 
± 0.0 
30.5 
± 0.5 
30.4 
± 0.5 
26.1 
± 0.5 
25.0 
± 0.0 
23.6 
± 0.5 
N 40 37 20 60 20 58 148 64 17 16 35 
 
Figure 22. Average nighttime sea surface temperatures in Broward County, Florida in 
degrees Celsius from sampled months between 2001 and 2012.  
 
Table 9. Wilcoxon and Kruskal-Wallis pairwise comparisons of epidermal RLO 
prevalence scores for ranges above, within, or below 24–29°C, following Wilcoxon and 
Kruskal-Wallis rank sum test. Data taken from prepared histoslides from reproduction 
study samples. 
Level - Level Score Mean 
Difference 
Std Err Dif Z p-Value 
Below Range Above Range 15.23 9.01 1.69 0.0907 
In Range Above Range  -16.08 8.12  -1.98 0.0478 
In Range Below Range  -18.49 6.57  -2.82 0.0049 
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Figure 23. Means and 95% CI of epidermal RLO  (top) and overall suspect RLO 
prevalence severity scores (bottom) by nighttime sea surface temperature range. 
Significant deviations from population mean marked by asterisk. 
* 
* 
* 
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Discussion 
Despite decades of research on coral diseases, the application of histology to 
understanding coral health and disease has been limited (Peters et al., 1983; Peters, 1984; 
Peters et al., 1985; Glynn et al., 1985; Peters, 1997; Patterson et al., 2002; Galloway et 
al., 2007; Peters, 2014; Miller et al., 2014). However, through the use of histological 
observation and increasing availability and convenience of biochemical techniques, much 
has been learned about coral diseases in recent years (Bythell et al., 2002; Weil et al., 
2006). The research published by Miller et al. (2014) was the first to use histological 
observation to obtain semi-quantitative data on specific tissue changes in apparently 
healthy tissues and tissues showing gross signs of tissue loss, and the first to identify 
suspect RLOs in coral tissues using Giemsa stain. They developed semi-quantitative 
scales for statistical analysis of histological data, and refined methods in detecting and 
directly studying potential pathogens, which are invaluable developments. Now, this type 
of research must be applied to understanding WBD, and coral diseases in general. 
 
 Though the samples collected for the reproduction study were taken from corals 
which were all visually healthy (Vargas-Ángel et al., 2006), the prepared histoslides from 
these samples displayed moderately abnormal tissue conditions. In addition, suspect 
RLOs were observed in the mesenterial filaments of 96.5%, and in the polyp's epidermis 
of 97.3% of these samples. Suspect RLOs were not observed in only 1.2% of these 
samples. Overall, suspect RLOs were observed in 98.8% of prepared histoslides from 
samples collected for the reproduction study. These data seem to contradict visual 
observations, and it is unclear what ultimately causes the gross signs of tissue loss. 
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Because suspect RLO intracellular bodies are observed in mucocytes when present, it is 
possible that disruption of normal production of mucus may make corals more vulnerable 
to harmful radiation (Krupp, 1984; Drollet et al., 1993; Teai et al., 1998) and reduce the 
flora that typically provides protection from pathogens (Ducklow and Mitchell, 1979; 
Rohwer et al., 2002; Reshef et al., 2006; Harvell et al., 2007; Barr et al., 2013), thus 
contributing to the changes in tissue conditions and the pathology of tissue-loss diseases. 
The disruption of normal mucus production may be a direct result of suspect RLO 
infection due to reduced intracellular space and available nutrients within the mucocytes, 
or an indirect result due to parasitism reducing metabolic energy available to the coral.  
 
The presence of bacterial aggregates in prepared histoslides from apparently 
healthy samples that had been collected during the reproduction study was not consistent, 
and these bacterial aggregates were only observed in one sample taken after the WBD 
study that had been diagnosed with RTL and stained with H&E. These data agree with 
the uncertainty of a connection between the bacterial aggregates and WBD remarked 
upon by Polson (2007). Because the bacterial aggregates were often observed in 
apparently normal tissue (Peters et al., 1983; Peters, 1984), the correlation of the presence 
of bacterial aggregates to poorer tissue condition failed to achieve significance. Polson 
(2007) suggested the possibility that these bacterial aggregates may function in 
chemically-linked symbiosis, may be structures resulting from sequestration of 
pathogenic bacteria, or may simply be structures formed by acute bacterial infections. 
Research by Anderson et al. (2004) further suggested the possibility that bacterial 
aggregates might function as a reservoir of pathogens evading host immune responses, 
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leading to chronic and recurrent infections. Unfortunately, no data were obtained that 
would suggest one possible role of the bacterial aggregates over another.    
 
The severity of suspect RLO infections and the presence of bacterial aggregates 
varied widely over time. This analysis did not support the hypothesis that the presence of 
bacterial aggregates and severity of suspect RLO infections in A. cervicornis shows no 
correlation with sampled time periods. It is possible, however, that these results are at 
least partially biased by the availability of tissue samples. Due to the nature of the 
reproduction study, the number of sampled months available per year decreased over 
time, biasing the annual results of later years towards samples taken in July and August; 
however, similar trends were observed when only data from samples collected in July 
were considered. Limited availability of data has implications for interpretations of time 
series data, and applying monthly data to analysis of interannual trends and vice versa 
should be done with caution, especially when interannual variability is unknown and data 
availability weights certain periods. Similar caution is required when assessing non-linear 
trends from limited or weighted data, when there may not be enough data points to 
appropriately assess these trends. Unfortunately, these are disadvantages to using 
historical data opportunistically, but can be minimized by attempting to balance sample 
size with equal representation of time periods and using stratified sampling with different 
sampling methods depending on sample availability per time period (Hayek and Buzas, 
2010). 
A significant negative correlation was observed between suspect RLO infection 
severity in the epidermis and tissue condition scores. A negative correlation was observed 
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between overall suspect RLO prevalence severity and tissue condition scores, and a 
positive correlation was observed between bacterial aggregate infection severity and 
tissue condition scores; however, these correlations failed to achieve significance by a 
small margin, and may have achieved significance with a larger sample size. These data 
suggest that suspect RLO infections may become less severe when coral tissue is further 
from normal limits (has moderate to marked structural changes) and that the presence of 
bacterial aggregates may increase when coral tissue is further from normal limits. Thus, 
although the presence of bacterial aggregates and the severity of suspect RLO infections 
were hypothesized to be related to the condition of coral tissue, the data could not support 
these statements. This does not necessarily mean that the suspect RLOs are less 
frequently present per unit of tissue, and these data instead may be affected by decreasing 
amounts of remaining tissue and mucocytes available for infection, as well as 
increasingly abnormal conditions of the remaining tissue in some samples. Tissue in poor 
condition with poor staining characteristics may lose identifiable intracellular bodies. In 
addition, toxic effects of severe suspect RLO infections on individual mucocytes may 
cause loss or damage of these cells (Jennings, 1967; Audoly et al., 2011), and any 
previously identifiable intracellular bodies. This possibility is supported by an observed 
correlation of suspect RLO intracellular body area with increasing coral tissue 
abnormality. An effort was made to score suspect RLO infection severity with 
consideration of the amount of visible tissue, but this potential bias may still have 
affected the data. Analysis of data from samples taken after the WBD study indicated no 
relationship between any tested semiquantitative parameters and visual appearance of the 
sampled corals, and no relationship between any tested semiquantitative parameters and 
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the field sites where samples were taken, supporting the findings of Miller et al. (2014). 
However, the results from samples taken after the WBD study may have been affected by 
the small number of samples. 
 
When data collected from samples collected for the reproduction study were 
segregated by monthly average nighttime sea surface temperature into ranges of <24°C, 
24°–29°C, and >29°C, significant differences were observed in the severity of suspect 
RLO infections of the epidermis and overall suspect RLO infection prevalence. The 
infection severity of suspect RLOs in the epidermis was found to be lower when monthly 
average nighttime sea surface temperatures were between 24°C and 29°C than when 
monthly average nighttime sea surface temperatures were either above or below this 
range. These data agreed with previous studies where strong correlations were observed 
between coral diseases and both high (Selig et al., 2006; Bruno et al., 2007; Ward, 2007) 
and low sea surface temperatures (Heron et al., 2010). Higher overall suspect RLO 
prevalence severity scores were given to prepared histoslides from samples collected 
when the monthly average nighttime sea surface temperature was below 24°C. These data 
suggest that the optimal temperature range for this species (Clausen and Roth, 1975; 
Gladfelter, 1984) may affect the suspect RLO infection prevalence, directly or indirectly, 
but is not correlated to the presence of bacterial aggregates. 
 
The effects of average nighttime sea surface temperature on the severity of 
suspect RLO infections may be related to coral growth rates within the optimal 
temperature range for calcification exceeding the rate at which suspect RLOs can spread 
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through and damage the coral tissues. Rapid growth may be used by an infected host, in 
addition to sloughing of affected tissues as a mechanism to clear, or at least reduce, 
infections of intracellular bacteria (Richardson, 1996; Anderson et al., 2004). Ideal 
conditions for calcification and growth may allow diseased corals to better maintain or 
even repair damaged tissue (Bak, 1983). Together, these potential effects of optimal 
temperatures for coral calcification and growth would allow acroporid corals infected by 
suspect RLOs to reduce the severity of both the infection and its effects not only by 
outnumbering the infected mucocytes with more healthy mucocytes, but also by 
eliminating and replacing the infected mucocytes, thereby restoring functionality to the 
affected areas. Conversely, both high and low temperature anomalies are known to cause 
damage to coral tissue by inducing detachment of gastrodermal cells that may or may not 
contain symbiotic zooxanthellae, possibly as a result of cell adhesion dysfunction, 
membrane thermotropism, or changes in host cell protein structure or phosphorylation 
(Quinn, 1989; Gates et al., 1992; Sawyer and Muscatine, 2001). The effects of high and 
low temperature anomalies may even lead to restructuring of coral communities and local 
extinctions (Coles and Fadlallah, 1990; Gates et al., 1992; Loya et al., 2001). However, 
because all samples in this study were taken from coral branch tips, the corals sampled 
when average nighttime sea surface temperatures were within the optimal range possibly 
received different scores because only new growth was observed. 
 
 A cold-water anomaly affecting the Florida Reef Tract in January of 2010 caused 
the worst recorded coral mortality in the region, and affected reefs that previously 
avoided the patterns of decline that have affected most Caribbean reef habitats (Lirman et 
al., 2011; Colella et al., 2012). This anomaly not only affected the number of surviving 
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corals, but also the relative abundances of certain species (Kemp et al., 2011), 
demonstrating the potential for such events to facilitate changes in species dominance and 
lead to further effects on the habitat and associated organisms. Corals affected by the 
2010 cold-water anomaly in the Florida Reef Tract may take decades to recover, but it is 
possible that similar cold-water anomalies may occur more frequently in the future 
(Wang et al., 2010). The data from this study suggest a possible effect of the 2010 cold-
water anomaly on the presence of suspect RLOs in the epidermis and overall suspect 
RLO infection severity, as well as the presence of bacterial aggregates. Data for these 
parameters indicate significantly higher values in the month of February, and in the year 
2010. However, data from 2010 were only available from samples that had been collected 
in August and July. Because the effects of the 2010 cold-water anomaly were so severe, it 
is possible that the data from August and July of 2010 were affected by this event, but no 
samples were available that directly represented January or February of 2010. Analysis of 
differences in results for the presence of suspect RLOs in the epidermis, overall suspect 
RLO infection severity, and the presence of bacterial aggregates by sea surface 
temperature ranges support the possibility that the low sea surface temperatures during 
the 2010 cold-water anomaly may have affected these parameters. However, the sea 
surface temperature data were only averages for each represented month, and it is 
possible that changes in sea surface temperature due to this brief anomaly might have 
been obscured by sea surface temperatures for the rest of January and February of 2010, 
even if these months had been directly represented in this study. 
 
 An important observation was the difference in each stain's appropriate 
application. It was known prior to the study that H&E is used to analyze the overall 
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qualities of the coral tissue, while the Giemsa stain is used to assess the presence and 
qualities of bacteria within the tissue (Cowdry, 1923; Noguchi, 1926; Ammerman et al., 
2008).Different results for the condition of coral tissue and for parameters related to 
suspect RLOs and bacterial aggregates were obtained from histoslides stained with H&E 
and those stained with Giemsa, demonstrating that each stain has an appropriate use, and 
these stains cannot be used interchangeably. Application of a stain to analyze 
inappropriate parameters may lead to unreliable data.  
 
Conclusions 
The severity of suspect RLO infections and the presence of bacterial aggregates in 
A. cervicornis varied over the course of months and years. Periods of high and low 
suspect RLO infection severity often corresponded to periods when coral tissue was 
scored in the high or low ranges of normality, respectively, indicating that the severity of 
suspect RLO infections may in some way be related to condition of the coral tissue, but 
the exact nature of this relationship is unclear. The presence of bacterial aggregates 
tended to increase when coral tissue was in poorer condition (higher scores, further from 
normal limits), but the number of observations was very low. The severity of suspect 
RLO infections, particularly in the epidermal mucocytes, was notably higher when 
monthly average nighttime sea surface temperatures were below 24°C than when 
temperatures were within the range of 24–29°C. 
  
The measured areas of suspect RLOs tended to be greater when coral tissue was 
scored further from normal limits, although it is unclear when significant changes begin 
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or cease to occur in relation to increasing coral tissue abnormality. In this study, H&E 
and Giemsa were used to assess the overall coral tissue, and the presence and 
characteristics of bacteria within the tissue. In comparing histoslides stained with H&E 
and Giemsa, significant differences in semiquantitative variable scores indicate that these 
stains cannot be used interchangeably. It should be noted that this study's results may also 
be influenced by the age and staining behavior of the prepared reproduction study slides, 
since they were prepared over several years and were compared to the WBD study slides 
for which staining was more uniform. 
 
In this study, significant correlations in some cases had unclear implications. For 
example: the numbers of suspect RLOs per mucocyte in the gastrovascular cavity and the 
surface body wall are correlated, but it is not known if the infections appear first in the 
gastrovascular cavity and eventually spread to the surface body wall, or vice versa? 
Although a lot of information was gathered during this study, the interpretation of the 
analyses may be influenced by data collected and assessed in future studies, which will 
be critical to enhancing our understanding of what is contributing to the severe die-offs of 
the Caribbean‘s previously dominant reefbuilders.
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Appendix A 
Data from Reproduction Study Samples 
Year Month Sample 
Condition 
of Tissue 
Filament 
RLO 
Presence 
Epidermal 
RLO 
Presence 
Suspect 
RLO 
Presence Aggregates 
Avg 
SST 
SST 
Range 
24–29°C 
2001 April ML one/one 3 4 4 4 0 27 In Range 
2001 April ML one/two 3 3 4 3.5 0 27 In Range 
2001 April ML two/one 3 2 4 3 0 27 In Range 
2001 April ACML two/two 3 3 4 3.5 0 27 In Range 
2001 April ACML three/one 2 3 4 3.5 0 27 In Range 
2001 April Mload four/one 3 3 5 4 0 27 In Range 
2001 April Mload five/one 3 4 4 4 0 27 In Range 
2001 April Mload six/two 3 4 3 3.5 0 27 In Range 
2001 April Mload seven/two 2 2 2 2 0 27 In Range 
2001 May Mload one/two 4 2 2 2 0 29 In Range 
2001 May Mload four/one 3 2 3 2.5 0 29 In Range 
2001 May Mload two/two 3 3 4 3.5 0 29 In Range 
2001 May Mload five/one 2 3 4 3.5 0 29 In Range 
2001 May ACSCI two/two 2 3 4 3.5 0 29 In Range 
2001 May ACSCI four/one 1 2 2 2 0 29 In Range 
2001 May ACSCII one/one 1 4 4 4 0 29 In Range 
2001 May ACSCII two/one 1 4 4 4 0 29 In Range 
2001 May ACSCII two/two 3 4 4 4 0 29 In Range 
2001 May ACSCII three/one 3 4 4 4 0 29 In Range 
2001 June ACSCI five/one 5 3 2 2.5 0 30 Above 
2001 June ACML one/two 2 2 2 2 0 30 Above 
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Year Month Sample 
Condition 
of Tissue 
Filament 
RLO 
Presence 
Epidermal 
RLO 
Presence 
Suspect 
RLO 
Presence Aggregates 
Avg 
SST 
SST 
Range 
24–29°C 
2001 June ACSCI one/one 4 3 4 3.5 0 30 Above 
2001 June ACSCI X three/one 2 1 2 1.5 0 30 Above 
2001 June ACSCI four/four 5 2 3 2.5 3 30 Above 
2001 June ACSCII 1 one/four 4 3 4 3.5 0 30 Above 
2001 June ACSCII 1 two/one 4 2 3 2.5 0 30 Above 
2001 June ACSCII three/three 3 3 5 4 0 30 Above 
2001 June ACSCII seven/two 4 2 4 3 0 30 Above 
2001 July ACSCI one X/four 3 4 3 3.5 0 30 Above 
2001 July ACSCI two X/one 3 3 5 4 0 30 Above 
2001 July ACSCI X one/one 3 4 4 4 0 30 Above 
2001 July ACSCI three/one 3 4 3 3.5 0 30 Above 
2001 July ACSCI four/one 5 2 3 2.5 0 30 Above 
2001 July ACSCI X five/one 4 2 3 2.5 0 30 Above 
2001 July ACSCI three/two 3 3 2 2.5 0 30 Above 
2001 July ACSCI L two/one 4 2 3 2.5 0 30 Above 
2001 July SCI four/seven 1 2 2 2 4 30 Above 
2001 Nov ACSCI L one/three 3 4 2 3 2 25 In Range 
2001 Nov ACSCI L two/two 3 2 2 2 0 25 In Range 
2001 Nov ACSCI X two/three 3 2 3 2.5 0 25 In Range 
2001 Nov ACML two/one 3 2 2 2 4 25 In Range 
2001 Nov ACML four/one 3 4 2 3 0 25 In Range 
2001 Nov ACSCI three/two 3 1 2 1.5 1 25 In Range 
2001 Dec ACML L one/two 3 3 2 2.5 0 24 In Range 
2001 Dec ACML X one/two 3 2 2 2 0 24 In Range 
2001 Dec ACML L two/two 1 3 3 3 0 24 In Range 
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Year Month Sample 
Condition 
of Tissue 
Filament 
RLO 
Presence 
Epidermal 
RLO 
Presence 
Suspect 
RLO 
Presence Aggregates 
Avg 
SST 
SST 
Range 
24–29°C 
2001 Dec ACML X two/two 2 3 3 3 0 24 In Range 
2001 Dec ACML L three/one 3 3 3 3 0 24 In Range 
2001 Dec ACML X three/one 3 3 4 3.5 0 24 In Range 
2001 Dec ACML L four/one 3 3 4 3.5 5 24 In Range 
2001 Dec ACML X four/one 3 3 4 3.5 0 24 In Range 
2001 Dec ACML L five-one 5 3 1 2 3 24 In Range 
2001 Dec ACML X five/two 3 1 2 1.5 3 24 In Range 
2002 Jan ACSCI L one/three 3 2 2 2 0 24 In Range 
2002 Jan ACSCI X one/four 3 1 1 1 0 24 In Range 
2002 Jan ACSCI two/four 3 3 3 3 0 24 In Range 
2002 Jan ACSCI L three/one 1 3 3 3 0 24 In Range 
2002 Jan ACSCI X three/three 1 3 1 2 0 24 In Range 
2002 Jan ACSCI X five/one 2 2 2 2 0 24 In Range 
2002 Jan ACSCI L six/one 4 3 2 2.5 0 24 In Range 
2002 Jan ACSCI X six/two 2 3 2 2.5 0 24 In Range 
2002 Jan ACSCI L seven/two 3 3 2 2.5 0 24 In Range 
2002 Jan ACSCI X eight/three 3 3 3 3 0 24 In Range 
2002 Feb ACSCII three/three 4 4 4 4 0 22 Below 
2002 Feb ACSCII L four/four 3 2 3 2.5 0 22 Below 
2002 Feb ACSCII X four/two 2 3 2 2.5 0 22 Below 
2002 Feb ACSCII five/one 4 4 4 4 0 22 Below 
2002 Feb ACSCII six/one 3 3 3 3 0 22 Below 
2002 Feb ACSCII X six/two 2 3 3 3 0 22 Below 
2002 Feb ACSCII L six/two 3 3 3 3 0 22 Below 
2002 Feb ACSCII seven/one 4 4 4 4 0 22 Below 
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Year Month Sample 
Condition 
of Tissue 
Filament 
RLO 
Presence 
Epidermal 
RLO 
Presence 
Suspect 
RLO 
Presence Aggregates 
Avg 
SST 
SST 
Range 
24–29°C 
2002 Feb ACSCII nine/three 3 4 4 4 0 22 Below 
2002 March SCI one/one 4 3 3 3 0 24 In Range 
2002 March SCI Col two/one 2 2 1 1.5 0 24 In Range 
2002 March ACSCI three/four 3 2 3 2.5 0 24 In Range 
2002 March ACSCI L1 four/four 3 2 1 1.5 0 24 In Range 
2002 March ACSCI L2 four/one 3 2 2 2 0 24 In Range 
2002 March ACSCI X four/two 3 1 1 1 0 24 In Range 
2002 March ACSCI five/two 3 2 1 1.5 0 24 In Range 
2002 March ACSCI X six/two 3 2 2 2 0 24 In Range 
2002 March ACSCI seven/one 2 3 3 3 0 24 In Range 
2002 March ACSCI L eight/two 4 1 1 1 0 24 In Range 
2002 April ACML 2 one/one 3 1 1 1 0 26 In Range 
2002 April ACML 2 four/one 4 2 2 2 0 26 In Range 
2002 April ACSCI two/one 3 1 1 1 0 26 In Range 
2002 April ACSCI X five/two 2 2 2 2 0 26 In Range 
2002 April ACSCI L six/two 2 1 1 1 0 26 In Range 
2002 April ACSCI L1 four/three 3 2 1 1.5 1 26 In Range 
2002 April ACSCI L five/two 3 2 2 2 0 26 In Range 
2002 April ACML2 X five/one 3 2 2 2 0 26 In Range 
2002 June Dave X Col one-one 4 0 1 0.5 2 30 Above 
2002 June Dave frag two-one 5 3 2 2.5 2 30 Above 
2002 June Dave X Col five-two 4 2 3 2.5 1 30 Above 
2002 June Dave Col two-one 5 2 2 2 0 30 Above 
2002 June Dave X Col three-two 4 2 2 2 0 30 Above 
2002 June SCI X Frag five-two 4 3 2 2.5 0 30 Above 
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Year Month Sample 
Condition 
of Tissue 
Filament 
RLO 
Presence 
Epidermal 
RLO 
Presence 
Suspect 
RLO 
Presence Aggregates 
Avg 
SST 
SST 
Range 
24–29°C 
2002 June ACMLI four/one 4 3 3 3 0 30 Above 
2002 June SCI Col five-two 4 2 4 3 0 30 Above 
2002 June SCIII Col 1 one-three 4 2 3 2.5 0 30 Above 
2002 June SCIII frag four-one 4 2 2 2 0 30 Above 
2002 July MLII Frag four-one 4 3 2 2.5 1 31 Above 
2002 July SCI Col one-one 3 3 4 3.5 0 31 Above 
2002 July SCIII L Col four-two 4 3 2 2.5 0 31 Above 
2002 July SCIII Col six-three 4 2 2 2 0 31 Above 
2002 July SCIII L Col seven-three 4 1 1 1 0 31 Above 
2002 July SCII X+L Col seven-two 3 2 0 1 0 31 Above 
2002 July SCII X Frag two-three 3 2 2 2 0 31 Above 
2002 July MLII Col one-one 5 2 1 1.5 0 31 Above 
2002 July MLII X Col three-one 3 2 2 2 0 31 Above 
2002 July Dave X Col seven/two 3 2 2 2 0 31 Above 
2002 Aug SCIII X Col two-two 2 2 3 2.5 1 30 Above 
2002 Aug SCIII L Col two-two 3 2 3 2.5 2 30 Above 
2002 Aug SCIII L Col five-two 3 2 3 2.5 0 30 Above 
2002 Aug SCIII X Col five-two 3 3 3 3 0 30 Above 
2002 Aug SCIII Col three-two 3 2 3 2.5 0 30 Above 
2002 Aug SCIII Col six-two 3 3 4 3.5 1 30 Above 
2002 Aug SCI L Col one/one 4 3 4 3.5 0 30 Above 
2002 Aug SCI L Col two/two 4 3 4 3.5 2 30 Above 
2002 Aug SCI Col four-two 4 3 3 3 0 30 Above 
2002 Aug SCI X Col two/two 4 2 2 2 0 30 Above 
2002 Oct O2 L Dave Col five/one 5 3 2 2.5 2 26 In Range 
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Year Month Sample 
Condition 
of Tissue 
Filament 
RLO 
Presence 
Epidermal 
RLO 
Presence 
Suspect 
RLO 
Presence Aggregates 
Avg 
SST 
SST 
Range 
24–29°C 
2002 Oct ML1 X six/one 5 1 2 1.5 1 26 In Range 
2002 Oct ML1 L nine/one 5 2 4 3 0 26 In Range 
2002 Oct ML1 L Col two/one 5 2 2 2 0 26 In Range 
2002 Oct ML1 X eight/one 5 2 2 2 0 26 In Range 
2002 Oct ML1 seven/one 4 1 3 2 0 26 In Range 
2003 April Dave frag three-one 3 4 4 4 5 25 In Range 
2003 April Dave frag four-one 2 1 1 1 3 25 In Range 
2003 April Dave L frag one-one 2 1 3 2 3 25 In Range 
2003 April ACDave frag five-one 4 3 1 2 4 25 In Range 
2003 April Dave X frag one-one 4 1 1 1 3 25 In Range 
2003 April ACMLI frag four-one 3 1 1 1 2 25 In Range 
2003 April ACMLI X frag three-one 2 2 2 2 4 25 In Range 
2003 April ACMLI frag six-one 3 2 1 1.5 0 25 In Range 
2003 June SCI frag 127-1 3 4 1 2.5 0 30 Above 
2003 June CervII frag 106-1 3 3 1 2 5 30 Above 
2003 June SCI frag 154-1 1 4 4 4 0 30 Above 
2003 June SCI frag 102-1 2 2 2 2 0 30 Above 
2003 June SCI frag 117-1 3 3 2 2.5 0 30 Above 
2003 June SCI yellow frag 126-1 2 3 3 3 0 30 Above 
2003 June SCI frag 143-1 2 3 3 3 0 30 Above 
2003 June SCI frag 104-1 1 3 4 3.5 0 30 Above 
2003 June SCIII frag 100-2 3 4 4 4 0 30 Above 
2003 July SCI RR Col seven-two 3 1 1 1 0 31 Above 
2003 July SCI Rpn Col 2 A 2 1 2 1.5 0 31 Above 
2003 July SCI RP WBD-WP Col two-one 3 4 4 4 0 31 Above 
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Year Month Sample 
Condition 
of Tissue 
Filament 
RLO 
Presence 
Epidermal 
RLO 
Presence 
Suspect 
RLO 
Presence Aggregates 
Avg 
SST 
SST 
Range 
24–29°C 
2003 July SCI RR Col four-two 2 1 3 2 0 31 Above 
2003 July SCI RP 9.30 Col one-one 2 2 3 2.5 0 31 Above 
2003 July SCI Col four-one 3 4 3 3.5 0 31 Above 
2003 July SCI RR Col 1 B 3 3 2 2.5 0 31 Above 
2003 July SCI Col one-two 3 3 2 2.5 0 31 Above 
2004 Jan SCI Rpn frag 46-three 3 2 3 2.5 1 22 Below 
2004 Jan SCI frag four-one 2 2 4 3 0 22 Below 
2004 Jan SCI frag 38-one 3 2 2 2 0 22 Below 
2004 Jan SCI Rpn frag 23-2 4 2 2 2 0 22 Below 
2004 Jan SCI Rpn frag 21-two 3 2 4 3 0 22 Below 
2004 Jan SCI frag 18-two 2 2 4 3 0 22 Below 
2004 Jan SCI fr 31-two 3 2 3 2.5 0 22 Below 
2004 Jan SCI Rpn frag 41-two 3 2 3 2.5 0 22 Below 
2004 Jan SCI Rpn frag 44-three 3 2 4 3 0 22 Below 
2004 Jan SCI frag 43-three 1 1 2 1.5 0 22 Below 
2004 Feb Dave Rpn frag 0002-one 4 4 4 4 4 22 Below 
2004 Feb Dave Rpn frag 0005-one 4 4 4 4 4 22 Below 
2004 Feb Dave Rpn-fr fr 0009-one 4 4 3 3.5 5 22 Below 
2004 Feb Dave Rpn-fr fr 0001-one 3 4 2 3 3 22 Below 
2004 Feb Dave Rpn frag 0003-one 4 2 2 2 4 22 Below 
2004 July Acerv. Dave-Rpn frag four-one 3 0 2 1 1 31 Above 
2004 July Dave Rpn frag two-one 3 1 3 2 4 31 Above 
2004 July Acerv. Dave-Rpn frag three-one 2 1 2 1.5 4 31 Above 
2004 July MLII Rpn frag four-one 2 2 2 2 1 31 Above 
2004 July MLII Rpn frag three-one 1 2 2 2 0 31 Above 
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Year Month Sample 
Condition 
of Tissue 
Filament 
RLO 
Presence 
Epidermal 
RLO 
Presence 
Suspect 
RLO 
Presence Aggregates 
Avg 
SST 
SST 
Range 
24–29°C 
2004 Aug Scooter Rpn Pre-spawn Block D 
1 
5 0 2 1 0 30 Above 
2004 Aug Scooter Rpn Pre-spawn Block A 
2 
5 0 2 1 0 30 Above 
2004 Aug Scooter Rpn Pre-spawn Col D 2 4 1 1 1 0 30 Above 
2004 Aug Scooter Pre-spawn Col B Block 
B 2 
5 0 0 0 0 30 Above 
2004 Aug Scooter RPN Pre-spawn Col A 2 5 0 0 0 0 30 Above 
2004 Dec Cal-Ex F1 Fresh Scooter 3 L&X 4 3 3 3 0 23 Below 
2005 July AC RPN Col 5 Scooter Hellys  
MP 4 
3 2 4 3 2 30 Above 
2005 July AC RPN Col 4 ~10PM Scooter I 
Hellys 2 
2 3 4 3.5 0 30 Above 
2005 July AC RPN Col 6 Scooter Hellys 1 2 3 4 3.5 0 30 Above 
2005 July AC RPN Col 1 Scooter Hellys 
MP 3 
4 3 3 3 0 30 Above 
2005 July AC RPN Col 2 Scooter Hellys 4 2 3 3 3 0 30 Above 
2005 July AC RPN Col 3 Scooter Hellys 4 3 3 4 3.5 0 30 Above 
2005 July AC RPN Col 1 ~10PM Scooter 
Hellys 2 
1 3 3 3 0 30 Above 
2005 July AC RPN Col 2 Scooter Hellys 2 3 3 2 2.5 0 30 Above 
2005 July AC RPN Scooter Col 3 Hellys 1 2 4 3 3.5 0 30 Above 
2010 July Scooter 2 Acerv 1 4 2 3 2.5 2 31 Above 
2010 July Scooter III 5 Acerv 1 3 3 4 3.5 3 31 Above 
2010 July BCA 4 Acerv 2 3 2 3 2.5 3 31 Above 
2010 July Acerv BCA 1 1 4 3 3 3 4 31 Above 
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Year Month Sample 
Condition 
of Tissue 
Filament 
RLO 
Presence 
Epidermal 
RLO 
Presence 
Suspect 
RLO 
Presence Aggregates 
Avg 
SST 
SST 
Range 
24–29°C 
2010 July Acerv Scooter 5 2 3 2 3 2.5 0 31 Above 
2010 July Scooter 3 Acerv 2 3 1 2 1.5 0 31 Above 
2010 July FRRP 3 Acerv 1 2 3 4 3.5 0 31 Above 
2010 Aug Acerv FRRP 1 2 3 4 4 4 4 31 Above 
2010 Aug Acerv BCA 5 1 4 3 2 2.5 4 31 Above 
2011 July Acerv 3 Layer Cakes one/two 3 3 3 3 3 30 Above 
2011 July Acerv 4 Layer Cakes one/two 2 4 4 4 3 30 Above 
2011 July Acerv 2 Layer Cake one/two 3 2 3 2.5 0 30 Above 
2011 July Acerv Cut Open one/two 2 2 3 2.5 0 30 Above 
2011 July Acerv 1 Layer Cake two/two 2 2 4 3 3 30 Above 
2011 July Acerv Pink two/two 1 2 3 2.5 0 30 Above 
2011 July Acerv 3 one/two 2 3 3 3 0 30 Above 
2011 July Acerv 2 one/two 2 0 3 1.5 0 30 Above 
2011 July Acerv 4 two/two 1 2 3 2.5 0 30 Above 
2011 July Acerv 1 one/two 2 3 4 3.5 0 30 Above 
2011 Aug Acerv 20 #3 one/one 3 4 4 4 0 31 Above 
2011 Aug Acerv 20 #1 one/one 1 4 4 4 0 31 Above 
2011 Aug Acerv 11 #4 one/one 1 3 3 3 0 31 Above 
2011 Aug Acerv 20 #4 one/one 2 3 4 3.5 0 31 Above 
2011 Aug Acerv 20 #2 one-two 3 2 4 3 0 31 Above 
2011 Aug Acerv 11 #5 two/two 2 3 4 3.5 0 31 Above 
2011 Aug Acerv 11 #2 one/one 2 3 4 3.5 0 31 Above 
2011 Aug Acerv 20 #5 one/one 2 4 4 4 2 31 Above 
2011 Aug Acerv 11 #1 one/two 1 4 4 4 3 31 Above 
2011 Aug Acerv 11 #3 one/one 3 1 3 2 0 31 Above 
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Year Month Sample 
Condition 
of Tissue 
Filament 
RLO 
Presence 
Epidermal 
RLO 
Presence 
Suspect 
RLO 
Presence Aggregates 
Avg 
SST 
SST 
Range 
24–29°C 
2012 July Acerv RPN BCA N 1 of 3 2 2 1 1 1 0 30 Above 
2012 July Acerv RPN BCA N 3 of 3 2 3 1 0 0.5 0 30 Above 
2012 July Acerv RPN LB 267 2 2 1 2 1.5 0 30 Above 
2012 July Acerv RPN 05 260 3 2 3 0 1.5 0 30 Above 
2012 July Acerv RPN Nat1 3 of 3 1 3 3 3 3 0 30 Above 
2012 July Acerv RPN SCN 1 of 3 2 2 3 3 3 0 30 Above 
2012 July Acerv RPN IR of PL 2 3 3 3 0 30 Above 
2012 July Acerv RPN 05 Unk B 1 3 2 3 2.5 0 30 Above 
2012 July Acerv RPN LB 214 3 2 0 0 0 0 30 Above 
2012 July Acerv RPN Nat Site 2 3 of 3 2 2 3 2 2.5 0 30 Above 
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Appendix B 
Data from Samples Collected After WBD Study 
Year Month Sample 
Condition 
of Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. RLO 
Pres. Agg. 
Avg 
SST 
SST 
Range 
24–29°C Site Health 
2008 Aug 09-004-1 3 3 2 2.5 0 30 Above Oakland Slow WBD 
2008 Aug 09-005-1 2 3 4 3.5 0 30 Above Oakland Slow WBD 
2008 Aug 09-006-1 4 2 0 1 0 30 Above Oakland Slow WBD 
2008 Aug 09-007-1 1 2 3 2.5 0 30 Above Oakland Slow WBD 
2008 Aug 09-008-1 1 3 4 3.5 0 30 Above Oakland Slow WBD 
2008 Aug 09-009-1 0 4 4 4 0 30 Above Oakland Healthy 
2008 Aug 09-010-1 1 3 3 3 0 30 Above Oakland Healthy 
2008 Aug 09-011-1 3 2 4 3 0 30 Above Oakland Healthy 
2008 Aug 09-012-1 4 0 1 0.5 0 30 Above Oakland Healthy 
2008 Aug 09-013 EDTA 1-3 2 3 3 3 0 30 Above Oakland Healthy 
2008 Aug 09-014-1 3 4 3 3.5 0 30 Above Oakland Fast WBD 
2008 Aug 09-015-1 3 3 4 3.5 0 30 Above Oakland Fast WBD 
2008 Aug 09-016-1 2 2 1 1.5 0 30 Above Oakland Fast WBD 
2008 Aug 09-017-1 1 3 3 3 0 30 Above Oakland Fast WBD 
2008 Aug 09-018-1-2 4 3 4 3.5 0 30 Above Oakland Fast WBD 
2008 Aug 09-019-1 3 1 3 2 0 30 Above Oakland RTL 
2008 Aug 09-020-2 4 2 3 2.5 0 30 Above Oakland RTL 
2008 Aug 09-022-1 2 2 4 3 0 30 Above Oakland RTL 
2008 Aug 09-023-1 3 1 3 2 0 30 Above Oakland RTL 
2008 Aug 09-024-1-2 2 2 3 2.5 0 30 Above Scooter RTL 
2008 Aug 09-025-1 3 3 3 3 0 30 Above Scooter RTL 
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Year Month Sample 
Condition 
of Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. RLO 
Pres. Agg. 
Avg 
SST 
SST 
Range 
24–29°C Site Health 
2008 Aug 09-027-1 3 4 3 3.5 0 30 Above Scooter RTL 
2008 Aug 09-028-1-1-1 3 2 3 2.5 0 30 Above Scooter RTL 
2008 Aug 09-029B 3 3 3 3 0 30 Above Scooter Healthy 
2008 Aug 09-030 EDTA 4 2 3 2.5 0 30 Above Scooter Healthy 
2008 Aug 09-031-1 2 2 2 2 0 30 Above Scooter Healthy 
2008 Aug 09-032 EDTA 1 2 3 2.5 0 30 Above Scooter Healthy 
2008 Aug 09-033-1-1 3 3 4 3.5 0 30 Above Scooter Healthy 
2008 Aug 09-034-1 3 2 3 2.5 0 30 Above Scooter Fast WBD 
2008 Aug 09-036-1-1-1 2 3 2 2.5 0 30 Above Scooter Fast WBD 
2008 Aug 09-037-1-1 2 2 3 2.5 0 30 Above Scooter Fast WBD 
2008 Aug 09-039-1 3 2 4 3 0 30 Above Scooter Slow WBD 
2008 Aug 09-042-1 1 4 5 4.5 0 30 Above Scooter Slow WBD 
2008 Aug 09-043-1 2 3 3 3 0 30 Above Scooter Slow WBD 
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Appendix C 
Quantitative Data from Randomly-selected Histoslides 
Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
17.666 9 0.795 1.003 17.666 9 3 4 4 4 0 April 2001 27 0.5 – 1.5 
17.666 9 0.795 1.075   3 4 4 4 0 April 2001 27 0.5 – 1.5 
17.666 9 0.978 1.1   3 4 4 4 0 April 2001 27 0.5 – 1.5 
17.666 9 0.978 1.287   3 4 4 4 0 April 2001 27 0.5 – 1.5 
17.666 9 1.039 1.148   3 4 4 4 0 April 2001 27 0.5 – 1.5 
17.666 9 1.039 1.403   3 4 4 4 0 April 2001 27 0.5 – 1.5 
17.666 9 1.1 1.106   3 4 4 4 0 April 2001 27 0.5 – 1.5 
17.666 9 1.1 1.2   3 4 4 4 0 April 2001 27 0.5 – 1.5 
17.666 9 1.345 0.996   3 4 4 4 0 April 2001 27 0.5 – 1.5 
18.675 5 1.773 1.52 18.675 5 3 4 4 4 0 April 2001 27 1.5 – 1.9 
18.675 5 2.139 1.52   3 4 4 4 0 April 2001 27 1.9 – 2.2 
18.675 5 2.139 1.585   3 4 4 4 0 April 2001 27 1.9 – 2.2 
18.675 5 2.201 1.821   3 4 4 4 0 April 2001 27 2.2 < 
18.675 5 2.292 1.623   3 4 4 4 0 April 2001 27 2.2 < 
25.949 4 2.628 1.656 25.949 4 3 3 5 4 0 April 2001 27 2.2 < 
25.949 4 3.179 1.764   3 3 5 4 0 April 2001 27 2.2 < 
25.949 4 3.515 1.697   3 3 5 4 0 April 2001 27 2.2 < 
25.949 4 3.851 2.111   3 3 5 4 0 April 2001 27 2.2 < 
24.818 7 1.039 1.166 24.818 7 3 3 5 4 0 April 2001 27 0.5 – 1.5 
24.818 7 1.1 1.648   3 3 5 4 0 April 2001 27 0.5 – 1.5 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
24.818 7 1.773 1.239   3 3 5 4 0 April 2001 27 1.5 – 1.9 
24.818 7 1.773 1.261   3 3 5 4 0 April 2001 27 1.5 – 1.9 
24.818 7 1.834 1.255   3 3 5 4 0 April 2001 27 1.5 – 1.9 
24.818 7 1.834 1.166   3 3 5 4 0 April 2001 27 1.5 – 1.9 
24.818 7 1.834 1.442   3 3 5 4 0 April 2001 27 1.5 – 1.9 
20.783 4 1.956 1.493 20.783 4 3 4 4 4 0 April 2001 27 1.9 – 2.2 
20.783 4 2.567 1.912   3 4 4 4 0 April 2001 27 2.2 < 
20.783 4 2.995 1.922   3 4 4 4 0 April 2001 27 2.2 < 
20.783 4 4.157 1.775   3 4 4 4 0 April 2001 27 2.2 < 
21.211 5 3.27 2.599 21.211 5 3 4 4 4 0 May 2001 29 2.2 < 
21.211 5 3.973 2.545   3 4 4 4 0 May 2001 29 2.2 < 
21.211 5 4.554 2.332   3 4 4 4 0 May 2001 29 2.2 < 
21.211 5 5.501 2.797   3 4 4 4 0 May 2001 29 2.2 < 
21.211 5 6.327 2.731   3 4 4 4 0 May 2001 29 2.2 < 
29.219 7 2.628 1.94 29.219 7 3 4 4 4 0 May 2001 29 2.2 < 
29.219 7 2.69 2.012   3 4 4 4 0 May 2001 29 2.2 < 
29.219 7 2.72 2.035   3 4 4 4 0 May 2001 29 2.2 < 
29.219 7 2.934 1.809   3 4 4 4 0 May 2001 29 2.2 < 
29.219 7 3.118 1.564   3 4 4 4 0 May 2001 29 2.2 < 
29.219 7 3.118 1.985   3 4 4 4 0 May 2001 29 2.2 < 
29.219 7 3.515 2.227   3 4 4 4 0 May 2001 29 2.2 < 
29.813 4 1.514 2.06 29.813 4 3 4 3 3.5 0 July 2001 30 1.5 – 1.9 
29.813 4 2.082 1.717   3 4 3 3.5 0 July 2001 30 1.9 – 2.2 
29.813 4 3.705 2.163   3 4 3 3.5 0 July 2001 30 2.2 < 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
29.813 4 5.692 2.42   3 4 3 3.5 0 July 2001 30 2.2 < 
11.186 6 1.039 1.214 11.186 6 3 4 4 4 0 July 2001 30 0.5 – 1.5 
11.186 6 1.1 1.357   3 4 4 4 0 July 2001 30 0.5 – 1.5 
11.186 6 1.1 1.189   3 4 4 4 0 July 2001 30 0.5 – 1.5 
11.186 6 1.559 1.607   3 4 4 4 0 July 2001 30 1.5 – 1.9 
11.186 6 1.773 1.273   3 4 4 4 0 July 2001 30 1.5 – 1.9 
11.186 6 2.078 1.409   3 4 4 4 0 July 2001 30 1.9 – 2.2 
26.717 8 0.973 1.181 26.717 8 3 3 2 2.5 0 July 2001 30 0.5 – 1.5 
26.717 8 1.041 1.04   3 3 2 2.5 0 July 2001 30 0.5 – 1.5 
26.717 8 1.257 1.535   3 3 2 2.5 0 July 2001 30 0.5 – 1.5 
26.717 8 1.555 1.619   3 3 2 2.5 0 July 2001 30 1.5 – 1.9 
26.717 8 1.704 1.334   3 3 2 2.5 0 July 2001 30 1.5 – 1.9 
26.717 8 1.893 1.535   3 3 2 2.5 0 July 2001 30 1.5 – 1.9 
26.717 8 2.596 1.867   3 3 2 2.5 0 July 2001 30 2.2 < 
26.717 8 2.596 1.429   3 3 2 2.5 0 July 2001 30 2.2 < 
23.015 9 0.978 1.1 23.015 9 3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.015 9 0.978 0.848   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.015 9 1.1 1.042   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.015 9 1.284 1.287   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.015 9 1.284 1.171   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.015 9 1.559 1.329   3 3 4 3.5 5 Dec 2001 24 1.5 – 1.9 
23.015 9 1.773 1.423   3 3 4 3.5 5 Dec 2001 24 1.5 – 1.9 
23.015 9 1.834 1.106   3 3 4 3.5 5 Dec 2001 24 1.5 – 1.9 
23.015 9 2.139 1.261   3 3 4 3.5 5 Dec 2001 24 1.9 – 2.2 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
28.935 16 0.69 0.78 28.935 16 3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 0.757 0.937   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 0.811 0.839   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 0.919 1.047   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 0.919 1.053   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 0.933 0.937   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 0.933 0.847   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 0.973 1.097   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 0.973 1   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 1.082 1   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 1.082 1.145   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 1.136 1.186   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 1.136 1.186   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 1.163 0.908   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 1.325 0.993   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
28.935 16 1.379 1.072   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
5.692 7 0.46 0.745 5.692 7 3 3 4 3.5 5 Dec 2001 24 0.5 > 
5.692 7 0.46 0.78   3 3 4 3.5 5 Dec 2001 24 0.5 > 
5.692 7 0.568 0.822   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
5.692 7 0.595 0.78   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
5.692 7 0.69 0.626   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
5.692 7 0.69 0.745   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
5.692 7 0.784 0.822   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.148 10 0.69 0.993 23.148 10 3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
23.148 10 0.784 1   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.148 10 0.919 1.4   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.148 10 0.919 1.097   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.148 10 1.014 1.197   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.148 10 1.068 1.072   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.148 10 1.109 1.053   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.148 10 1.136 1.163   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.148 10 1.149 1.326   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
23.148 10 1.149 1.072   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
12.547 13 0.284 0.548 12.547 13 3 3 4 3.5 5 Dec 2001 24 0.5 > 
12.547 13 0.311 0.715   3 3 4 3.5 5 Dec 2001 24 0.5 > 
12.547 13 0.352 0.735   3 3 4 3.5 5 Dec 2001 24 0.5 > 
12.547 13 0.365 0.987   3 3 4 3.5 5 Dec 2001 24 0.5 > 
12.547 13 0.379 0.543   3 3 4 3.5 5 Dec 2001 24 0.5 > 
12.547 13 0.433 0.822   3 3 4 3.5 5 Dec 2001 24 0.5 > 
12.547 13 0.487 1   3 3 4 3.5 5 Dec 2001 24 0.5 > 
12.547 13 0.487 0.735   3 3 4 3.5 5 Dec 2001 24 0.5 > 
12.547 13 0.489 0.693   3 3 4 3.5 5 Dec 2001 24 0.5 > 
12.547 13 0.5 0.707   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
12.547 13 0.5 0.763   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
12.547 13 0.568 0.937   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
12.547 13 0.703 1.072   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
17.496 10 0.433 0.886 17.496 10 3 3 4 3.5 5 Dec 2001 24 0.5 > 
17.496 10 0.595 1.072   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
17.496 10 0.595 0.822   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
17.496 10 0.595 0.581   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
17.496 10 0.649 1.047   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
17.496 10 0.69 1   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
17.496 10 0.69 0.707   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
17.496 10 0.69 0.937   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
17.496 10 0.933 1.186   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
17.496 10 0.946 1.053   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 0.379 0.937 25.527 15 3 3 4 3.5 5 Dec 2001 24 0.5 > 
25.527 15 0.487 0.678   3 3 4 3.5 5 Dec 2001 24 0.5 > 
25.527 15 0.5 0.822   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 0.5 0.78   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 0.554 0.839   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 0.568 0.707   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 0.595 0.908   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 0.784 0.987   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 0.811 0.822   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 0.811 1.04   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 0.811 0.822   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 0.838 0.959   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 0.946 1.163   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 1.082 0.987   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
25.527 15 1.217 0.908   3 3 4 3.5 5 Dec 2001 24 0.5 – 1.5 
7.824 4 0.795 1.166 7.824 4 5 3 1 2 3 Dec 2001 24 0.5 – 1.5 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
7.824 4 0.947 0.782   5 3 1 2 3 Dec 2001 24 0.5 – 1.5 
7.824 4 1.559 1.166   5 3 1 2 3 Dec 2001 24 1.5 – 1.9 
7.824 4 1.559 1.1   5 3 1 2 3 Dec 2001 24 1.5 – 1.9 
11.478 7 0.568 0.93 11.478 7 3 2 1 1.5 0 March 2002 24 0.5 – 1.5 
11.478 7 0.838 1.072   3 2 1 1.5 0 March 2002 24 0.5 – 1.5 
11.478 7 0.865 1.072   3 2 1 1.5 0 March 2002 24 0.5 – 1.5 
11.478 7 0.973 1.3   3 2 1 1.5 0 March 2002 24 0.5 – 1.5 
11.478 7 1.541 1.728   3 2 1 1.5 0 March 2002 24 1.5 – 1.9 
11.478 7 1.568 1.046   3 2 1 1.5 0 March 2002 24 1.5 – 1.9 
11.478 7 1.73 1.48   3 2 1 1.5 0 March 2002 24 1.5 – 1.9 
25.53 12 0.46 0.581 25.53 12 3 2 2 2 0 April 2002 26 0.5 > 
25.53 12 0.649 0.847   3 2 2 2 0 April 2002 26 0.5 – 1.5 
25.53 12 0.703 1.197   3 2 2 2 0 April 2002 26 0.5 – 1.5 
25.53 12 0.811 1.52   3 2 2 2 0 April 2002 26 0.5 – 1.5 
25.53 12 0.838 1.163   3 2 2 2 0 April 2002 26 0.5 – 1.5 
25.53 12 0.919 1.072   3 2 2 2 0 April 2002 26 0.5 – 1.5 
25.53 12 1.014 0.93   3 2 2 2 0 April 2002 26 0.5 – 1.5 
25.53 12 1.082 1   3 2 2 2 0 April 2002 26 0.5 – 1.5 
25.53 12 1.203 0.937   3 2 2 2 0 April 2002 26 0.5 – 1.5 
25.53 12 1.244 1.3   3 2 2 2 0 April 2002 26 0.5 – 1.5 
25.53 12 1.284 1.326   3 2 2 2 0 April 2002 26 0.5 – 1.5 
25.53 12 1.704 1.4   3 2 2 2 0 April 2002 26 1.5 – 1.9 
26.717 6 1.082 1.62 26.717 6 4 2 2 2 0 April 2002 26 0.5 – 1.5 
26.717 6 1.352 1.582   4 2 2 2 0 April 2002 26 0.5 – 1.5 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
26.717 6 1.65 1.879   4 2 2 2 0 April 2002 26 1.5 – 1.9 
26.717 6 1.974 1.4   4 2 2 2 0 April 2002 26 1.9 – 2.2 
26.717 6 2.204 1.56   4 2 2 2 0 April 2002 26 2.2 < 
26.717 6 2.92 1.615   4 2 2 2 0 April 2002 26 2.2 < 
21.525 10 0.487 1 21.525 10 2 2 3 2.5 1 August 2002 30 0.5 > 
21.525 10 0.595 0.959   2 2 3 2.5 1 August 2002 30 0.5 – 1.5 
21.525 10 0.635 1.097   2 2 3 2.5 1 August 2002 30 0.5 – 1.5 
21.525 10 0.663 1.072   2 2 3 2.5 1 August 2002 30 0.5 – 1.5 
21.525 10 0.717 1.471   2 2 3 2.5 1 August 2002 30 0.5 – 1.5 
21.525 10 0.757 1.097   2 2 3 2.5 1 August 2002 30 0.5 – 1.5 
21.525 10 0.919 1.252   2 2 3 2.5 1 August 2002 30 0.5 – 1.5 
21.525 10 0.96 1.197   2 2 3 2.5 1 August 2002 30 0.5 – 1.5 
21.525 10 0.973 1.197   2 2 3 2.5 1 August 2002 30 0.5 – 1.5 
21.525 10 1.028 1.279   2 2 3 2.5 1 August 2002 30 0.5 – 1.5 
25.297 10 0.595 0.745 25.297 10 2 1 1 1 3 April 2003 26 0.5 – 1.5 
25.297 10 0.595 1.04   2 1 1 1 3 April 2003 26 0.5 – 1.5 
25.297 10 0.649 1.097   2 1 1 1 3 April 2003 26 0.5 – 1.5 
25.297 10 0.676 0.908   2 1 1 1 3 April 2003 26 0.5 – 1.5 
25.297 10 0.73 1.163   2 1 1 1 3 April 2003 26 0.5 – 1.5 
25.297 10 0.757 1   2 1 1 1 3 April 2003 26 0.5 – 1.5 
25.297 10 0.906 1.04   2 1 1 1 3 April 2003 26 0.5 – 1.5 
25.297 10 0.919 0.937   2 1 1 1 3 April 2003 26 0.5 – 1.5 
25.297 10 1.068 0.993   2 1 1 1 3 April 2003 26 0.5 – 1.5 
25.297 10 1.568 0.987   2 1 1 1 3 April 2003 26 1.5 – 1.9 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
27.542 11 0.5 0.959 27.542 11 4 3 4 3.5 2 August 2002 30 0.5 – 1.5 
27.542 11 0.541 1.103   4 3 4 3.5 2 August 2002 30 0.5 – 1.5 
27.542 11 0.568 0.959   4 3 4 3.5 2 August 2002 30 0.5 – 1.5 
27.542 11 0.798 0.987   4 3 4 3.5 2 August 2002 30 0.5 – 1.5 
27.542 11 0.798 1.258   4 3 4 3.5 2 August 2002 30 0.5 – 1.5 
27.542 11 0.96 1.163   4 3 4 3.5 2 August 2002 30 0.5 – 1.5 
27.542 11 1.163 1.163   4 3 4 3.5 2 August 2002 30 0.5 – 1.5 
27.542 11 1.217 1.3   4 3 4 3.5 2 August 2002 30 0.5 – 1.5 
27.542 11 1.244 1.053   4 3 4 3.5 2 August 2002 30 0.5 – 1.5 
27.542 11 1.298 1.258   4 3 4 3.5 2 August 2002 30 0.5 – 1.5 
27.542 11 1.339 1.097   4 3 4 3.5 2 August 2002 30 0.5 – 1.5 
18.186 9 0.46 0.839 18.186 9 3 3 2 2.5 0 June 2003 30 0.5 > 
18.186 9 0.487 0.735   3 3 2 2.5 0 June 2003 30 0.5 > 
18.186 9 0.69 0.959   3 3 2 2.5 0 June 2003 30 0.5 – 1.5 
18.186 9 0.69 0.993   3 3 2 2.5 0 June 2003 30 0.5 – 1.5 
18.186 9 0.73 0.886   3 3 2 2.5 0 June 2003 30 0.5 – 1.5 
18.186 9 0.865 0.78   3 3 2 2.5 0 June 2003 30 0.5 – 1.5 
18.186 9 0.919 0.937   3 3 2 2.5 0 June 2003 30 0.5 – 1.5 
18.186 9 1.068 0.937   3 3 2 2.5 0 June 2003 30 0.5 – 1.5 
18.186 9 1.082 0.908   3 3 2 2.5 0 June 2003 30 0.5 – 1.5 
26.541 10 0.663 0.993 26.541 10 2 2 2 2 4 April 2003 25 0.5 – 1.5 
26.541 10 0.676 0.886   2 2 2 2 4 April 2003 25 0.5 – 1.5 
26.541 10 0.798 0.908   2 2 2 2 4 April 2003 25 0.5 – 1.5 
26.541 10 0.825 1.047   2 2 2 2 4 April 2003 25 0.5 – 1.5 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
26.541 10 0.838 1.419   2 2 2 2 4 April 2003 25 0.5 – 1.5 
26.541 10 0.852 1.258   2 2 2 2 4 April 2003 25 0.5 – 1.5 
26.541 10 0.865 1.097   2 2 2 2 4 April 2003 25 0.5 – 1.5 
26.541 10 0.906 1.186   2 2 2 2 4 April 2003 25 0.5 – 1.5 
26.541 10 1.555 1.197   2 2 2 2 4 April 2003 25 1.5 – 1.9 
26.541 10 2.109 1.326   2 2 2 2 4 April 2003 25 1.9 – 2.2 
35.967 15 0.498 0.948 35.967 15 2 2 2 2 4 April 2003 25 0.5 > 
35.967 15 0.83 0.948   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 0.913 0.686   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 0.941 1.165   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 0.941 1.085   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 1.01 1.065   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 1.135 1.11   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 1.162 1.372   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 1.176 1.085   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 1.176 1.211   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 1.218 1.085   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 1.232 1.412   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 1.315 1.341   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 1.439 1.176   2 2 2 2 4 April 2003 25 0.5 – 1.5 
35.967 15 1.702 1.569   2 2 2 2 4 April 2003 25 1.5 – 1.9 
11.344 4 1.244 1 11.344 4 4 0 1 0.5 2 June 2002 30 0.5 – 1.5 
11.344 4 1.487 1.252   4 0 1 0.5 2 June 2002 30 0.5 – 1.5 
11.344 4 1.541 1.665   4 0 1 0.5 2 June 2002 30 1.5 – 1.9 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
11.344 4 1.704 1.145   4 0 1 0.5 2 June 2002 30 1.5 – 1.9 
12.737 8 0.784 1.072 12.737 8 4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
12.737 8 0.852 1   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
12.737 8 0.96 0.993   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
12.737 8 1.082 1.169   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
12.737 8 1.109 1.04   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
12.737 8 1.163 1.361   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
12.737 8 1.19 0.847   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
12.737 8 1.217 1.163   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 0.392 0.626 26.46 13 4 3 2 2.5 0 July 2002 31 0.5 > 
26.46 13 0.622 1.047   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 0.825 0.839   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 0.865 0.886   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 0.919 1.097   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 1.001 0.847   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 1.014 1.356   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 1.028 0.822   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 1.122 1.151   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 1.122 0.78   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 1.393 1.04   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 1.393 0.822   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
26.46 13 1.406 0.908   4 3 2 2.5 0 July 2002 31 0.5 – 1.5 
18.456 9 0.757 1.163 18.456 9 3 3 3 3 3 July 2011 30 0.5 – 1.5 
18.456 9 0.771 1.072   3 3 3 3 3 July 2011 30 0.5 – 1.5 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
18.456 9 0.892 1.214   3 3 3 3 3 July 2011 30 0.5 – 1.5 
18.456 9 0.892 1.163   3 3 3 3 3 July 2011 30 0.5 – 1.5 
18.456 9 0.906 1.145   3 3 3 3 3 July 2011 30 0.5 – 1.5 
18.456 9 0.96 1.186   3 3 3 3 3 July 2011 30 0.5 – 1.5 
18.456 9 1.095 0.987   3 3 3 3 3 July 2011 30 0.5 – 1.5 
18.456 9 1.271 1.258   3 3 3 3 3 July 2011 30 0.5 – 1.5 
18.456 9 1.352 1.097   3 3 3 3 3 July 2011 30 0.5 – 1.5 
32.396 7 1.622 1.619 32.396 7 3 3 3 3 3 July 2011 30 1.5 – 1.9 
32.396 7 1.636 1.67   3 3 3 3 3 July 2011 30 1.5 – 1.9 
32.396 7 1.92 1.808   3 3 3 3 3 July 2011 30 1.9 – 2.2 
32.396 7 2.177 1.55   3 3 3 3 3 July 2011 30 1.9 – 2.2 
32.396 7 2.204 1.334   3 3 3 3 3 July 2011 30 2.2 < 
32.396 7 2.231 1.471   3 3 3 3 3 July 2011 30 2.2 < 
32.396 7 2.61 1.527   3 3 3 3 3 July 2011 30 2.2 < 
15.103 7 0.784 0.993 15.103 7 3 3 3 3 0 July 2012 30 0.5 – 1.5 
15.103 7 0.825 1.096   3 3 3 3 0 July 2012 30 0.5 – 1.5 
15.103 7 1.284 1.325   3 3 3 3 0 July 2012 30 0.5 – 1.5 
15.103 7 1.298 1.25   3 3 3 3 0 July 2012 30 0.5 – 1.5 
15.103 7 1.339 1.211   3 3 3 3 0 July 2012 30 0.5 – 1.5 
15.103 7 1.541 1.25   3 3 3 3 0 July 2012 30 1.5 – 1.9 
15.103 7 1.731 1.25   3 3 3 3 0 July 2012 30 1.5 – 1.9 
21.647 12 0.581 0.886 21.647 12 3 4 4 4 4 August 2010 31 0.5 – 1.5 
21.647 12 0.635 1.103   3 4 4 4 4 August 2010 31 0.5 – 1.5 
21.647 12 0.676 1.103   3 4 4 4 4 August 2010 31 0.5 – 1.5 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
21.647 12 0.676 1.145   3 4 4 4 4 August 2010 31 0.5 – 1.5 
21.647 12 0.717 0.908   3 4 4 4 4 August 2010 31 0.5 – 1.5 
21.647 12 0.757 1.3   3 4 4 4 4 August 2010 31 0.5 – 1.5 
21.647 12 0.771 0.735   3 4 4 4 4 August 2010 31 0.5 – 1.5 
21.647 12 0.798 0.822   3 4 4 4 4 August 2010 31 0.5 – 1.5 
21.647 12 0.892 0.847   3 4 4 4 4 August 2010 31 0.5 – 1.5 
21.647 12 0.946 0.822   3 4 4 4 4 August 2010 31 0.5 – 1.5 
21.647 12 1.095 0.993   3 4 4 4 4 August 2010 31 0.5 – 1.5 
21.647 12 1.149 0.814   3 4 4 4 4 August 2010 31 0.5 – 1.5 
15.603 7 0.69 0.678 15.603 7 2 3 4 3.5 0 July 2005 30 0.5 – 1.5 
15.603 7 0.744 0.937   2 3 4 3.5 0 July 2005 30 0.5 – 1.5 
15.603 7 0.757 0.937   2 3 4 3.5 0 July 2005 30 0.5 – 1.5 
15.603 7 0.811 0.93   2 3 4 3.5 0 July 2005 30 0.5 – 1.5 
15.603 7 0.919 1.04   2 3 4 3.5 0 July 2005 30 0.5 – 1.5 
15.603 7 0.946 0.814   2 3 4 3.5 0 July 2005 30 0.5 – 1.5 
15.603 7 1.014 0.93   2 3 4 3.5 0 July 2005 30 0.5 – 1.5 
13.075 8 0.595 0.937 13.075 8 2 1 2 1.5 0 July 2003 31 0.5 – 1.5 
13.075 8 0.649 0.847   2 1 2 1.5 0 July 2003 31 0.5 – 1.5 
13.075 8 0.717 0.886   2 1 2 1.5 0 July 2003 31 0.5 – 1.5 
13.075 8 0.717 0.745   2 1 2 1.5 0 July 2003 31 0.5 – 1.5 
13.075 8 0.757 0.78   2 1 2 1.5 0 July 2003 31 0.5 – 1.5 
13.075 8 0.771 0.735   2 1 2 1.5 0 July 2003 31 0.5 – 1.5 
13.075 8 1.001 1.072   2 1 2 1.5 0 July 2003 31 0.5 – 1.5 
13.075 8 1.055 0.839   2 1 2 1.5 0 July 2003 31 0.5 – 1.5 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
44.152 14 0.54 0.753 44.152 14 3 1 3 2 0 August 2011 31 0.5 – 1.5 
44.152 14 0.623 0.949   3 1 3 2 0 August 2011 31 0.5 – 1.5 
44.152 14 0.872 0.848   3 1 3 2 0 August 2011 31 0.5 – 1.5 
44.152 14 0.955 0.848   3 1 3 2 0 August 2011 31 0.5 – 1.5 
44.152 14 0.983 1.11   3 1 3 2 0 August 2011 31 0.5 – 1.5 
44.152 14 1.01 0.949   3 1 3 2 0 August 2011 31 0.5 – 1.5 
44.152 14 1.01 1.052   3 1 3 2 0 August 2011 31 0.5 – 1.5 
44.152 14 1.149 1.085   3 1 3 2 0 August 2011 31 0.5 – 1.5 
44.152 14 1.37 1.294   3 1 3 2 0 August 2011 31 0.5 – 1.5 
44.152 14 1.412 1.012   3 1 3 2 0 August 2011 31 0.5 – 1.5 
44.152 14 1.55 1.315   3 1 3 2 0 August 2011 31 1.5 – 1.9 
44.152 14 1.592 1.052   3 1 3 2 0 August 2011 31 1.5 – 1.9 
44.152 14 1.647 1.165   3 1 3 2 0 August 2011 31 1.5 – 1.9 
44.152 14 2.048 1.639   3 1 3 2 0 August 2011 31 1.9 – 2.2 
28.624 12 0.825 0.78 28.624 12 2 3 3 3 0 July 2005 30 0.5 – 1.5 
28.624 12 0.879 0.814   2 3 3 3 0 July 2005 30 0.5 – 1.5 
28.624 12 0.892 1.236   2 3 3 3 0 July 2005 30 0.5 – 1.5 
28.624 12 0.892 0.908   2 3 3 3 0 July 2005 30 0.5 – 1.5 
28.624 12 0.933 0.822   2 3 3 3 0 July 2005 30 0.5 – 1.5 
28.624 12 1.055 1   2 3 3 3 0 July 2005 30 0.5 – 1.5 
28.624 12 1.095 1.186   2 3 3 3 0 July 2005 30 0.5 – 1.5 
28.624 12 1.163 0.937   2 3 3 3 0 July 2005 30 0.5 – 1.5 
28.624 12 1.163 0.839   2 3 3 3 0 July 2005 30 0.5 – 1.5 
28.624 12 1.163 1.197   2 3 3 3 0 July 2005 30 0.5 – 1.5 
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Occ. 
Area 
(µ^2) 
# of 
RLOs 
Area 
per 
RLO 
(µ^2) 
RLO 
Length 
(µ) 
Occ. 
Area 
(µ^2) 
Unw. 
# of 
RLOs 
Unw. 
Cond. 
of 
Tissue 
Fila. 
RLO 
Pres. 
Epi. 
RLO 
Pres. 
Sus. 
RLO 
Pres. Agg. Month Year 
Avg 
SST 
Size 
Range 
28.624 12 1.19 1.097   2 3 3 3 0 July 2005 30 0.5 – 1.5 
28.624 12 1.487 1.214   2 3 3 3 0 July 2005 30 0.5 – 1.5 
19.321 10 0.703 1 19.321 10 3 3 4 3.5 0 July 2002 31 0.5 – 1.5 
19.321 10 0.717 0.678   3 3 4 3.5 0 July 2002 31 0.5 – 1.5 
19.321 10 0.73 0.847   3 3 4 3.5 0 July 2002 31 0.5 – 1.5 
19.321 10 0.825 0.886   3 3 4 3.5 0 July 2002 31 0.5 – 1.5 
19.321 10 0.879 0.993   3 3 4 3.5 0 July 2002 31 0.5 – 1.5 
19.321 10 0.946 1.103   3 3 4 3.5 0 July 2002 31 0.5 – 1.5 
19.321 10 1.082 0.886   3 3 4 3.5 0 July 2002 31 0.5 – 1.5 
19.321 10 1.217 0.987   3 3 4 3.5 0 July 2002 31 0.5 – 1.5 
19.321 10 1.257 0.93   3 3 4 3.5 0 July 2002 31 0.5 – 1.5 
19.321 10 1.366 1.3   3 3 4 3.5 0 July 2002 31 0.5 – 1.5 
12.412 8 0.663 0.745 12.412 8 5 2 1 1.5 0 July 2002 31 0.5 – 1.5 
12.412 8 0.798 0.886   5 2 1 1.5 0 July 2002 31 0.5 – 1.5 
12.412 8 0.865 0.886   5 2 1 1.5 0 July 2002 31 0.5 – 1.5 
12.412 8 0.892 0.839   5 2 1 1.5 0 July 2002 31 0.5 – 1.5 
12.412 8 0.946 0.847   5 2 1 1.5 0 July 2002 31 0.5 – 1.5 
12.412 8 1.028 1   5 2 1 1.5 0 July 2002 31 0.5 – 1.5 
12.412 8 1.163 1   5 2 1 1.5 0 July 2002 31 0.5 – 1.5 
12.412 8 1.271 0.959   5 2 1 1.5 0 July 2002 31 0.5 – 1.5 
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Appendix D 
Average Monthly Nighttime Sea Surface Temperatures for Broward 
County, Florida from 2001 through 2012 
Rounded 
Avg Year Month 
Month 
Number 
22 2001 Jan 1 
24 2001 Feb 2 
25 2001 Mar 3 
27 2001 Apr 4 
29 2001 May 5 
30 2001 June 6 
30 2001 July 7 
29 2001 Aug 8 
27 2001 Sep 9 
26 2001 Oct 10 
25 2001 Nov 11 
24 2001 Dec 12 
24 2002 Jan 13 
22 2002 Feb 14 
24 2002 Mar 15 
26 2002 Apr 16 
30 2002 May 17 
30 2002 June 18 
31 2002 July 19 
30 2002 Aug 20 
28 2002 Sep 21 
26 2002 Oct 22 
24 2002 Nov 23 
23 2002 Dec 24 
22 2003 Jan 25 
21 2003 Feb 26 
23 2003 Mar 27 
25 2003 Apr 28 
30 2003 May 29 
30 2003 June 30 
31 2003 July 31 
31 2003 Aug 32 
29 2003 Sep 33 
27 2003 Oct 34 
24 2003 Nov 35 
Rounded 
Avg Year Month 
Month 
Number 
22 2003 Dec 36 
22 2004 Jan 37 
22 2004 Feb 38 
23 2004 Mar 39 
25 2004 Apr 40 
30 2004 May 41 
30 2004 June 42 
31 2004 July 43 
30 2004 Aug 44 
29 2004 Sep 45 
28 2004 Oct 46 
26 2004 Nov 47 
23 2004 Dec 48 
22 2005 Jan 49 
20 2005 Feb 50 
22 2005 Mar 51 
24 2005 Apr 52 
26 2005 May 53 
28 2005 June 54 
30 2005 July 55 
32 2005 Aug 56 
30 2005 Sep 57 
27 2005 Oct 58 
24 2005 Nov 59 
22 2005 Dec 60 
21 2006 Jan 61 
23 2006 Feb 62 
25 2006 Mar 63 
27 2006 Apr 64 
28 2006 May 65 
30 2006 June 66 
31 2006 July 67 
30 2006 Aug 68 
28 2006 Sep 69 
26 2006 Oct 70 
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Rounded 
Avg Year Month 
Month 
Number 
25 2006 Nov 71 
24 2006 Dec 72 
22 2007 Jan 73 
21 2007 Feb 74 
24 2007 Mar 75 
27 2007 Apr 76 
29 2007 May 77 
31 2007 June 78 
30 2007 July 79 
30 2007 Aug 80 
30 2007 Sep 81 
29 2007 Oct 82 
28 2007 Nov 83 
26 2007 Dec 84 
25 2008 Jan 85 
26 2008 Feb 86 
25 2008 Mar 87 
26 2008 Apr 88 
27 2008 May 89 
29 2008 June 90 
30 2008 July 91 
30 2008 Aug 92 
29 2008 Sep 93 
29 2008 Oct 94 
26 2008 Nov 95 
25 2008 Dec 96 
25 2009 Jan 97 
24 2009 Feb 98 
25 2009 Mar 99 
26 2009 Apr 100 
27 2009 May 101 
30 2009 June 102 
30 2009 July 103 
31 2009 Aug 104 
30 2009 Sep 105 
30 2009 Oct 106 
28 2009 Nov 107 
27 2009 Dec 108 
Rounded 
Avg Year Month 
Month 
Number 
25 2010 Jan 109 
25 2010 Feb 110 
25 2010 Mar 111 
26 2010 Apr 112 
28 2010 May 113 
31 2010 June 114 
31 2010 July 115 
31 2010 Aug 116 
31 2010 Sep 117 
28 2010 Oct 118 
27 2010 Nov 119 
25 2010 Dec 120 
25 2011 Jan 121 
25 2011 Feb 122 
25 2011 Mar 123 
27 2011 Apr 124 
28 2011 May 125 
30 2011 June 126 
30 2011 July 127 
31 2011 Aug 128 
30 2011 Sep 129 
29 2011 Oct 130 
27 2011 Nov 131 
26 2011 Dec 132 
26 2012 Jan 133 
26 2012 Feb 134 
27 2012 Mar 135 
27 2012 Apr 136 
28 2012 May 137 
30 2012 June 138 
30 2012 July 139 
31 2012 Aug 140 
30 2012 Sep 141 
28 2012 Oct 142 
27 2012 Nov 143 
26 2012 Dec 144 
 
